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During the course of an investigation of cotton for 
yse as air filters on the needles of bleeding units, a 
heat-resistant, spore-forming organism was isolated. Be- 
cause of its unusual degree of heat resistance, the 
organism appeared to be more suitable as a control of 
the efficiency of sterilization than species of Clostridium 
usually employed for this purpose. Experiments were 
undertaken to determine the resistance of the isolate 
io sterilization by heat under various practical sterili- 
zation conditions. 


MATERIALS AND MeEtTHopDsS 


Solid materials and equipment of various degrees 
of complexity often must be sterilized for clinical ap- 
plications. In the investigation reported here, three 
types of equipment were tested for sterilization of 
natural contaminants. The equipment was also tested 
following artificial contamination. 

A bleeding unit consisted of a length of rubber 
tubing with a needle on each end. One needle was for 
venipuncture and one for 
a blood collection bottle. 


insertion into the stopper of 
A dental roll of cotton was 
Each unit was enclosed in 
paper wrapping and autoclaved at 121 C for 15 to 30 
minutes, 

Cotton pledgets were tested for sterilization. The 
cotton was received in packages of 25 packed with the 
long axis of the pledgets parallel. These packages of 
25 were wrapped in brown paper and autoclaved at 
various temperatures. Samples were dropped in thio- 
glycollate broth for testing. In other experiments single 
cotton pledgets were wrapped loosely in paper and 
autoclaved prior to sterility testing. 

More exact information on the sensitivity of con- 
taminating organisms was obtained by the use of dry 
heat. Contaminated steel needles were packaged in 
metal foil and exposed to dry heat for various periods 
of time, 


thrust onto each needle. 


EXPERIMENTAL 
Seventy bleeding units, which were sterilized by 
autoclaving at 120 C for 15 to 30 minutes, were tested 
lor sterility by washing 20 to 25 ml of fluid thioglycol- 
late medium through the needles and rubber tubing. 
No growth was observed in the culture medium; there- 


fore, all units appeared to be sterile. Forty-nine pieces 
of rubber tubing were tested by dropping them into 
the thioglycollate broth, and no growth was observed. 
However, the cotton rolls were pulled off one end of 
all the units, and from 61 of them a spore-forming 
culture was obtained. 

Simultaneously, units inoculated wth spores of stock 
cultures and dried before autoclaving were included 
in the experiment and the organisms were not recovered. 
This was repeated twice with a culture of Clostridium 
sporogenes and once with Clostrodium novyi. The use 
of these stock strains was discontinued, because they 
seemed to be less heat-resistant than the organism 
naturally present. 

Additional experiments with the cotton pledgets gave 
the following results. In two experiments, the packages 
of 25 pledgets were autoclaved at 121 C for 15 minutes. 
Both times the organism was recovered from 7 of 20 
rolls tested. Packages autoclaved at 122 to 124 C for 
one hour gave 4 positives from 12 tested from one 
autoclave and 3 from 20 tested from a different auto- 
clave. Individual pledgets removed from the packages 
and wrapped loosely in paper were autoclaved at 122 
to 124 C for one hour and were sterilized by this 
procedure. 

The heat-resistant, spore-forming organism could not 
be recovered from cotton rolls which were dropped 
singly into test tubes which were then plugged with 
nonabsorbent cotton and autoclaved at 121 C for 15 
minutes, nor could the organism be recovered from 
cotton or strips of filter paper soaked in a spore sus- 
pension, dried and autoclaved in the same manner in 
test tubes. No attempt, however, was made in these 
experiments to remove moisture due to atmospheric 
humidity. 

Cotton pledgets were also subjected to dry heat. 
All pledgets were not sterilized by exposure for one hour 
at 160 C or at 170 C. A pure culture was recovered 
from 4 of 10 tested. The organism was not recovered 
after exposure for 2, 3, 4, 5, or 6 hours at either tempera- 
ture. 

The organism, when studied culturally, proved to 
be a typical strain of Clostridium sporogenes. It was 
motile and anaerobic. It fermented dextrose but not 
lactose or sucrose; was indole and nitrite negative: 
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digested meat, casein and gelatin; and was weakly 
hemolytic. Because the culture was obviously more 
heat-resistant than other organisms present on the 
cotton fibers, needles and tubing, it was thereafter used 
in controlling sterilization procedures. A 5-day culture 
in dextrose-free thioglycollate broth ordinarily shows 
heavy spore production and may conveniently be used 
to contaminate control units. It can be washed through 
the lumen of hypodermic needles and tubing, and it 
‘an be applied to cotton, glassware and other articles. 
Contaminated units preferably have been prepared 
weeks or months in advance; they have been dried and 
stored and used as needed. 


TABLE 1. Sterility test on contaminated needles subjected to dry 


heat 
TEMPERATURES 
EXPOSURE 
120 C 130 C 140 C 150 C 160 C 

hr 
1 + + ~ - 
2 + + ~ - 
3 + - ~ - 
4 + ~ ~ - 
5 ie = 
7 a 

15 = 


— No growth. 
+ Growth. 


It is believed that this procedure will provide a more 
rigorous test of sterilization than merely testing units 
not specifically contaminated. It is true that it is un- 
likely that many articles would, by chance, be con- 
taminated with organisms as heat-resistant as this strain 
of Clostridium sporogenes, but it is also true that certain 
important items are, or otherwise we would not have 
found it. In addition, if the sterilization procedure 
sterilizes deliberately contaminated articles, it would 
most assuredly kill the more common contaminants 
such as cocci or coliform organisms. This was borne 
out by the results obtained in several experiments 
which were performed to determine how articles should 
be sterilized. In one such experiment, about 200 test 
tubes were contaminated with 2 or 3 drops of the cul- 
ture and, after drying, were stoppered and evacuated. 
Heat of 425 C was applied briefly to the base of the test 
tubes. A number of tubes, not deliberately contami- 
nated, were treated similarly. About two months after 
the original contamination, 25 heated contaminated 
tubes, 5 unheated contaminated tubes, and 75 heated 
but not deliberately contaminated tubes were tested 
for sterility by adding thioglycollate broth. All of the 
75 heated but not deliberately contaminated tubes 
were sterile. The 5 unheated tubes showed growth of 
the organism. The organism was also recovered from 


19 of the 25 heated deliberately-contaminated tubes, 
If these contaminated control tubes had not been jn. 
cluded in the test, the heating procedure would haye 
seemed satisfactory, and the results would have given 
a false sense of security. In another experiment with 
lancets, none of 96 uninoculated units gave a positive 
sterility test, whereas 4 of 16 control units did 

Still another instance of the importance of positive 
controls is shown by the results of testing for the need 
for water in sterilizing evacuated, rubber-stoppered 
test tubes. Dry tubes not deliberately contaminated 
and contaminated tubes, with and without 0.05 ml 
added water per tube, were autoclaved together. On 
addition of thioglycollate broth to the tubes, no growth 
was obtained in any of the dry tubes which were not 
deliberately contaminated, nor in the tubes which con- 
tained added water. However, 17 of 25 dry tubes 
containing the test spores showed typical growth. By 
using the indicator organism, the amount of water 
required to obtain sterility on autoclaving the 7 nl 
tubes was determined. Addition of 0.0025 ml, 0.005 
ml or 0.01 ml was insufficient for sterilization by this 
method. Tubes containing 0.025 ml, 0.04 ml and 0.05 
ml per 7 ml test tube were regularly sterilized by 
autoclaving at 121 C for 15 minutes. 

More exact information as to sensitivity to dry heat 
was obtained with contaminated steel needles packaged 
in metal foil. No survivors could be detected after 
exposure to 130 C for 5 hours, 140 C for 3 hours, and 
150 C or 160 C for 1 hour. Exposure for 15 hours at 
120 C failed to kill (table 1). No doubt the heat. penetra- 
tion was better in this equipment than in the interior 
of the cotton rolls, which could not be sterilized by 
exposure for one hour at 160 C. 

We believe that the spores of this strain of Clostridium 
sporogenes may advantageously be used as an indicator 
of efficiency of sterilization in somewhat the same 
manner as such organisms are used in experimental 
packs in canning (Tanner, 1944). However, in the case 
of sterile equipment, complete killing of contaminants 
is of course the criterion of sterilization. Recovery oi 
the indicator organism from any control unit would 
mean lack of sterility. It is possible to test large num- 
bers of units not deliberately contaminated and obtain 
no evidence of failure of the sterilization procedure. 
Inclusion of only a few control units is a more reliable 
index of efficiency and provides a margin of safety. 
It is a considerably more severe test than depending 
entirely upon the casual and irregular contamination 
with organisms of varied and unknown characteristics 
which are ordinarily present. 

It is possible that a member of the genus Bacillus 
could be used instead of or in addition to such an or- 
ganism as the strain of C. sporogenes here described. 
However, we have found this organism convenient t0 
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BACTERIAL POLLUTION 


yse, aud it grows readily at temperatures usually em- 
ployed for incubation of sterility tests. This culture 
has been used in a manner comparable to that employed 
by Brewer in control of powders and oils (Brewer 
1949, Long 1942). 


SUMMARY 


A heat-resistant, spore-forming microorganism iden- 
tified as Clostridium sporogenes has been isolated from 
cotton. The microorganism is suggested for the deliber- 


IN SURFACE WATERS 119 


ate contamination of equipment to serve as an indicator 
of the efficiency of sterilization techniques. 


REFERENCES 


Brewer, JoHN H. 1947 Problems involved in the sterility 
testing of nonaqueous pharmaceutical preparations. J. 
Bact., 54: 32. 

LONG, Perrin H. 1942 
Lancet, 2: 322-323. 
TANNER, F.W. 1944 Microbiology of foods. 2nd ed. Garrard 

Press, Champaign, Illinois. 


Sterilisation of sulphonamides. 
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The recognition of the coliform group of bacteria as 
a reliable indicator of pollution in municipal water 
supplies and the introduction of adequate tests for their 
detection marked the beginning of a new era in the 
sanitation of drinking water. It was recognized from 
the beginning, however, that the coliform test was not 
a perfect indicator, and early in this century serious 
efforts were made to distinguish between the coliforms 
of man and those of the lower animals. Also, numerous 
investigations have been directed toward the finding 
of additional, supplementary, bacterial indicators of 
dangerous contamination. In this connection the fecal 
streptococci have received considerable attention over 
the years, particularly in England. 

After more than fifty years of research on bacte- 
riological methods for determining the sanitary quality 
of drinking water the procedure is still imperfect. As a 
criterion of the potability of treated waters the coliform 
test has proved to be quite satisfactory; their presence 
in such waters in significant numbers is indicative of 
failure in the treatment process or of contamination 
subsequent to treatment. The ubiquity of this group of 
organisms in surface waters apparently free of danger- 
ous pollution almost nullifies the value of the test when 
it is applied to untreated waters. This difficulty long 
has been recognized and has led to a voluminous litera- 
ture dealing with the sanitary significance of various 
members of the group when found in water. Much of 
this literature has been reviewed by Prescott, Winslow, 
and MeCrady (1946) and it need not be considered 
here, 

1This investigation was supported in part by a research 
grant from the National Institutes of Health, Public Health 
Service. 


Evidence that some coliforms may multiply in water 
has been reported by a number of workers, including 
Caldwell and Parr (1933), Leahy (1932) and Mall- 
mann (1928). In each instance the increase occurred 
in the presence of organic matter such as cotton string, 
rope, leather gasket, or material collected on a filter. 
An organism capable of multiplication in water is ob- 
viously an imperfect indicator of pollution in water 
supplies. 

Houston (1899) long ago recognized the shortcomings 
of the coliform group as an indicator of pollution, and 
considered the desirability of employing the streptococci 
as indicators of recent and dangerous pollution. He 
believed that the presence of this group of intestinal 
bacteria in water was indicative of recent pollution 
with sewage; but that their absence, however, did not 
prove the absence of pollution. The early work of 
Houston was followed by investigations of this group 
in India by Clemesha (1912), in England by Savage 
and Read (1917), and in this country by Winslow and 
Hunnewell (1902), Prescott (1902), Prescott and Baker 
(1904), Mallmann (1928, 1940), Hajna and Perry (1943) 
and many others. Much of the earlier work has been 
reviewed by Calvert (1937). 

Since the fecal streptococci apparently never multiply 
in water (Savage and Wood, 1918), as some of the 
coliforms have been found to do, but on the contrary 
disappear rather rapidly, they seem to possess an ad- 
vantage over the coliform group as an indicator of 
recent and, therefore, dangerous pollution. 

The warm temperatures of Louisiana waters and 
their high content of organic matter should provide 
suitable conditions for growth of any organisms capable 
of multiplication in natural water. The purpose of this 
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investigation was to determine the incidence of coli- 
forms and enterococci in the surface waters of southern 
Louisiana, and whether these organisms multiply in 
stored samples of these waters. 


EXPERIMENTAL METHODS 

The water sources selected for study varied widely 
in degree of fecal pollution as indicated by sanitary 
inspection. Eleven sources were studied and bacterio- 
logical examinations were made on each at intervals 
of about one month throughout the year. Records were 
kept of rainfall and temperature. A brief description 
of seven of the sources follows: 

Drainage canal. A ditch which at the time of this 
study carried surface drainage and some sewage from 
the southern part of Baton Rouge. During dry weather, 
when the volume of flow was low, fecal particles were 
observed in the water. This source was classed as 
heavily polluted. 

University Lake. This is an artificial lake of about 
0.35 square miles in area in the southern outskirts of 
Baton Rouge. It is filled by storm drainage in its im- 
mediate vicinity; sources of pollution included effluents 
from a few septic tank seepage areas at private homes, 
and the wild fowl which were numerous during the 
winter months. 

Amite River. This river drains a farm and timberland 
area. Numerous summer camps are located along the 
river, and many people swim in the stream during the 
summer months. Samples were taken at Port Vincent. 

Colyell Bay. This is a wide bayou with ill-defined 
banks merging with the adjacent swamp. It receives 
the flow of Colyell Creek which drains a lightly popu- 
lated farm and timberland area. The water of Colyell 
Bay is dark with leachings from the swamp. 

Old River. This is an oxbow lake formed by an old 
channel of the Mississippi River and is contained within 
the Mississippi River levee system. It receives no water 
other than rainfall within the levee, except when the 
Mississippi River is high. This usually occurs during 
the spring or early summer. Except for a few fishermen 
this lake has no known pollution from human sources 
save that brought in periodically from the Mississippi 
River. 

Mississippi River. The Mississippi River was selected 
for study because of its common use as an outlet for 
sewage, both raw and treated, throughout its length, 
and its frequent use also as a source of water for 
municipal supplies. To avoid local contamination, the 
samples were collected at midstream and upriver from 
the Baton Rouge—Port Allen ferry route. 

Well No. 1. (A shallow well in current use on a farm 
in East Baton Rouge Parish.) The well was about 25 
feet deep and was cased with 1 x 6 pine planks extending 
into the water. Water was drawn from the well with 
a rope and a tubular metal bucket with a valve in the 


bottom. Pollution of the well was possible fr in the 
hands on the rope and bucket, and from poultr drop- 
pings on the cover. 

Samples were also taken from the Amite Riv r at 9 
bridge near Denham Springs, from the Tickfaw fiver. 
from the False River and from a second ope: well. 
Results of bacteriological examinations were si! ilar to 
those obtained from other sources; therefore they are 
not reported in detail. 

The bacteriological examination included the deter. 
mination of the plate count, coliforms and enterococci, 
The plate count was made with tryptone glucose ey. 
tract agar as described in “Standard Methods for the 
Examination of Water and Sewage” (1946). Most prob- 
able numbers of coliforms were determined in lactose 
broth, using five replicate tubes of each dilution in the 
presumptive test. Confirmation was made in brilliant 
green bile (2 per cent) broth. The completed test was 
run on all samples, using EMB as the plating medium, 
In some of the samples Escherichia coli was determined 
with the Hajna and Perry (1943) modification of the 
Eijkman test. 

The enterococci were determined by the method of 
Winter and Sandholzer (1946) using 5 replicate tubes 
of each dilution. Confirmation was made with the 
slant-broth method of Winter and Sandholzer (1946), 
followed by determination of gram reaction and cell 
morphology. 


RESULTS AND DISCUSSION 


The total numbers of bacteria as shown by the 
plate count, and the most probable numbers (MPN) 
of enterococci and coliforms found at each examination 
of the various water sources are presented in figures | 
to 7. In some instances rainfall records were available 
for only part of the month; in these cases the number 
of days included in the rainfall report is shown on the 
graph in the figures. 

The effect of rainfall on the total count and on the 
two groups of indicator organisms was usually, but not 
always, in accord with expectations. In University 
Lake (figure 1) the coliforms and enterococci increased 
in periods of heavy rainfall; the total count was less 
affected by rainfall. The correlation between coliforms 
and enterococci was quite close, with the coliforms 
present in considerably larger numbers. In the heavily 
polluted drainage canal the numbers of coliforms de- 
creased in periods of heavy rainfall and were higher in 
periods of dry weather. The enterococci did not fluctu- 
ate significantly in response to rainfall (figure 2). 

In Well 1 (figure 3) a situation was revealed which 
is probably typical of most shallow wells in this section 
of the country. The total count of organisms was col- 
sistently high, suggestive of gross pollution, and the 
coliforms far exceeded the tolerance allowed by the 
Treasury Department Standard (1943) for water to 
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be used on interstate common carriers. There was a 
general, but inexact relationship, between the numbers 
of coliforms and the enterococci. 

In the Mississippi River there was a very close 
agreement among the three measures of contamina- 
tions (figure 4); increases or decreases in one group 
were accompanied by the same changes in the other 
groups. In each group the highest counts occurred in 
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Fic. 1. Bacteria, enterococci and coliforms in University 
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Fic. 2. Bacteria, enterococci and coliforms in Drainage Canal 
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Fic. 3. Bacteria, enterococci and coliforms in Well 1 


November, at the time of the first rise in the river, not 
at the time of highest water, which was about March 
1, 1949. Lest the figures indicating the river stage be 
misunderstood, it should be pointed out that when the 
river stage is zero feet, ocean-going ships ply the river. 

Samples from the Amite River (figure 5) taken during 
flood stage shortly after 4 heavy rainfall showed higher 
counts than samples taken during high water due to 
several days of moderate to heavy precipitation. 

The results obtained with samples from Colyell Bay 
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and Old River (figures 6 and 7) indicate fewer bacteria 
of each group to be present than in the streams and 
wells studied. The enterococci were not detected in 
most of the samples from Old River, and were present 
in very small numbers in Colyell Bay. 
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Fic. 4. Bacteria, enterococci and coliforms in Mississippi 
River. 
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Fic. 5. Bacteria, enterococci and coliforms in Amite River 
at Port Vincent. 
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Fic. 6. Bacteria, enterococci and coliforms in Colyell Bay. 


Owing to the interest in the fecal member of the 
coliform group, the numbers of Lscherichia coli were 
determined in the samples taken during May and June, 
1949. Since the non-fecal member of the group, Aero- 
bacter, is generally considered to be a normal inhabitant 
of soil, much less significance can be given to it as an 
indicator of dangerous pollution than to the fecal £. 
coli. The results of the May and June determinations 
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are shown in table 1. The waters are listed in the de- 
creasing order of pollution, using FZ. coli as the index. 
The three groups of indicator organisms agree reason- 
ably well in revealing the probable sanitary quality of 
the water. It will be noted, however, that the contrast 
between the heavily polluted drainage canal and the 
relatively clean waters is shown more clearly by the 
enterococci and £. coli than by the coliform group as 
a whole. This tendency of the enterococci to magnify 
the difference between clean and polluted waters is 
shown by the coliform/enterococci ratios (table 2). 
The more polluted waters have the lower ratios, and 
in water free of enterococci the ratio would be infinity. 

A problem which recurs from time to time, and about 
which there is still some disagreement in the literature, 
is whether the indicator organisms may grow in water 
supplies during processing and distribution. Ellison, 
Hackler and Buice (1929) concluded that it was not 
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Fic. 7. Bacteria, enterococci and coliforms in Old River 


necessary to ice samples of water to be sent to the 
laboratory for analysis. Cox and Claiborne (1949) re- 
ported steady decreases in numbers of coliforms in 
uniced samples of water. Noble (1928) also reported 
marked decreases in coliforms in stored water, but con- 
siderable numbers survived after 37 days’ storage. 

To determine the ability of the indicator organisms 
to multiply in surface waters, samples were stored in 
2-liter flasks at room temperature and in the light near 
a north window. The flasks were not exposed to the 
direct rays of the sun. Two samples from each water 
source were stored and examined at intervals until the 
indicator organisms disappeared. At each examination 
the samples were shaken to prevent erroneous results 
due to sedimentation of the bacterig. The results are 
shown in table 3. Since both samples from a given source 
showed the same death curve, only one sample from 
each source is presented in the table. The steady decline 
in numbers of indicator organisms in the stored samples, 
which resulted in their disappearance within a few days, 
suggests that these organisms probably do not multiply 
in the warm organically rich surface waters of Louisiana. 
There remains the possibility, however, of growth of 
some types on decaying vegetation along the banks 
and at the bottoms of these waters. 


The ubiquity of coliform organisms in surface waters 
which apparently are not polluted with human excreta 
is generally recognized. It is necessary, therefore, to 
interpret the bacteriological results in a quantitative 
manner in order to arrive at the sanitary quality of 
water. 

TaBLeE 1. The relationship between total coliforms, Escherichia 
coli and enterococci 


ENTERO- 


SORCE cooci* COLIFORMS* e. coli* 
May, 1949 
Drainage Canal...............' 92,000 920,000 | 13,000 
SS ee nee 350 92,000 3,300 
fe SE a ae ee ee ae ee 640 54,000 2,300 
Mississippi River............. 4 350 110 
CS 0 | 280 49 
MUD IONE os. s os ad saece ode 4.5 240 ll 
BiCkIAwW Miver.........-.<s560 0 350 7.8 
te ee 0 350 7.8 
University Take ............. 2004 0 | 79 4.5 
I aa ache NS pak 0 | 49 0 
June, 1949 
Drainage Canal.............../130,000 540,000 {130,000 
eS a eee 7.9 540 240 
Mississippi River............. 49 350 130 
ge 79 130 23 
MEDD MOU. 5 oo cua osicees 4 33 13 
EL ES a eel Oe ean en 2 230 7,800 7.8 
RP RMAN TIBIA 5 os wis en Ge woe peeks 0 130 6.8 
Winiverity Dake... . 6.60406 2 23 2 
TS a ert ae ee 7.8 45 0 


Old River..................5.| 0 17 0 


* M.P.N./100 ml. 


TABLE 2. Relationship between the coliform bacteria and entero- 
cocct in Louisiana surface waters 


AVERAGE M.P.N. 





some |, aummas, | Pen MOa | aac 

| Coliforms | Enterococci 
[Pid GAVOF .... iso 9 30 0.4 75 
False River....... 10 110 8 14 
Colyell Bay....... 7 252 5 50 
Tickfaw River.... 11 567 46 12 
University Lake... 12 900 58 15 
Amite River...... 10 | 1,225; 203 6 
Mississippi River. . 8 1,650 90 18 
Well No. 2............ 10 13,130 2,350 6 
mou Ne. bk... ...... 10 14,600 682 21 
Drainage Canal... 11 


366,000 | 40,550 9 


* Coliforms/enterococci. 


Based on experience with ground water and treated 
water supplies, the presence of coliforms in excess of 
one per 100 ml is considered to be indicative of danger- 
ous pollution. Whether the same criterion of safety 
should be applied to untreated supplies is open t0 
serious question. The cleanest surface waters in this 
section of Louisiana are, by this standard, highly pol- 
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luted and dangerous. Old River, the least polluted 

source of water in this study, contained from 1.8 to 

110 coliforms per 100 ml, while Colyell Bay, another 
TABLE 3. Survival of organisms in stored samples 


NUMBER OF ORGANISMS 


Se pve (M.P.N./100 ML.) PLATE 
SOURCE —= COUNT/ML. 
Coliforms E. coli Enterococci 


Well No. 1 0 54,000 2,300 640 5,600 
2 240 230 =| 49 8,000 

7 7.8 0. 0 4,240 

10 0 0 0 33,000 

Well No. 2 0 | 92,000 3,300 | 350 7,200 
2 23 2 4 9,000 

7 1.8 2 0 92,400 

10 0 0 | 0 | 150,000 

Drainage Canal 0 (540,000 (110,000 (130,000 (2,240,000 
3 39,000 54,000 | 13,000 (2,560,000 

6 1,600 240 1,600 (2,400,000 

9 240 78 0 (2,580,000 

12 0 0 0 [2,420,000 

City Lake 0 23 2 | 2 | 1,800 
3 1.8 0 0 1,950 

6 0 0 0 1,900 

Tickfaw River 0 350 7.8 0 500 
3 79 0 0 540 

6 0 QO | 0 700 

Amite River at | 0 350 7.8) 0 | 500 
Denham 3 79 0 | o* | 540 
Springs 6 0 0 | 0 | 70 

| 

Mississippi 0 350 | 110 | 4 1,100 
River 3 240 0 0 125 
6 0 0 1,500 

Old River 0 49 0 0 3,000 
3 0 0 | 0 4,000 

False River 0 240 49 0 300 ,000 
3 78 1.8 0 221,000 

6 0 0 _ 210 ,000 

Amite River at 0 490 240 | 23 9 ,000 
Port Vincent 3 240 78 0 11,000 
6 0 0 0 20 ,000 

Colyell Bay 0 130 6.8 0 5,100 
3 7.8 1.8 0 6,000 

6 1.8 0 a 6,250 

9 0 — — 7,300 


source which inspection indicated was only slightly 
polluted, contained from 46 to 920 coliforms per 100 
ml. 

In certain foods the test for the coliform group as a 
criterion of sanitary quality has been abandoned in 
favor of the EZ. coli test. This organism is also quite 
Widely disseminated in nature, but it is far less abun- 


dant in ‘clean’ waters and soil than the Aerobacter 
section of the coliform group. Consequently, its presence 
in waters seems more significant than the presence of 
other coliforms. An improved qualitative test for deter- 
mining the potability of untreated water is obviously 
desirable. There is no need, however, to relax the 
present standards for treated water supplies. 

The enterococci are abundant in sewage and in heav- 
ily polluted waters, and usually they are absent in water 
free from obvious sources of fecal pollution. In this 
study the difference between the most polluted water 
(drainage canal) and the cleanest water (Old River) 
is shown more strikingly by the enterococci test than 
by the usual coliform test. Only twice were we able to 
demonstrate the presence of enterococci in Old River, 
and then they were present in very small numbers. 
The enterococci offer certain advantages over the coli- 
forms as indicator organisms in that they apparently 
never multiply in waters (as some coliforms have been 
reported to do) but disappear rather rapidly when 
added to streams or lakes (Savage and Wood, 1918). 
In this study they showed good correlation with san- 
itary quality as estimated by inspection. 

The results obtained with the limited number of 
samples which were examined for E. coli by the Hajna 
and Perry modification of the Eijkman procedure in- 
dicated that the numbers of F. coli usually corresponded 
much more closely with the numbers of enterococci 
than with the coliforms. When the enterococci were 
not found, EF. coli was either absent or present in small 
numbers. 


SUMMARY 


In all waters studied, high total counts were associ- 
ated with relatively high counts of coliforms, Esch- 
erichia coli, and enterococci. 

The difference between relatively clean and recently 
polluted water was more strikingly shown by the entero- 
cocci than by the coliform test. 

The two shallow wells included in this investigation 
were found to be of poorer bacteriological quality than 
most of the surface waters. As measured by the Treas- 
ury Department standard, both wells were heavily pol- 
luted. 

The results obtained in this study indicate that the 
cleanest surface waters in this area fall far below the 
standard for drinking water. The value of the coliform 
test in the examination of surface waters is limited; 
more reliance must be placed on sanitary inspection. 

No evidence that the coliforms and enterococci mul- 
tiply in any of these waters was obtained; on the con- 
trary, they were found to die at a fairly rapid rate in 
stored samples. 
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Since the discovery by Rickes et al. (1948) that 
microorganisms may synthesize vitamin By, several 
fermentation processes have been reported for the pro- 
duction of this vitamin on a commercial scale. The 
fermentative organisms used are principally species 
of Streptomyces, Bacillus, and Flavobacterium, although 
some other microorganisms have been employed. Vita- 
min By may be the primary fermentation product 
(Lewis et al., 1949; Petty and Matrishin, 1949; Ans- 
bacher and Hill, 1949; Gary et al., 1951; Hall et al., 
1951; Hodge et al., 1952), or it may represent a sec- 
ondary product in the manufacture of certain anti- 
bioties (Rickes et al., 1948; Stockstad et al., 1949; 
Pierce et al., 1949; Fricke et al., 1950; Jackson et al., 
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Recommended 


1951). The enrichment of fish products by fermentation 
with vitamin By-producing organisms has been de- 
scribed (Tarr et al., 1950). Surveys of vitamin By- 
producing microorganisms have been reported by Hall 
et al., 1950; Burton and Lochhead, 1951; Saunders 
et al., 1951; Shull and Routien, 1951. 

During the survey at this laboratory of classified 
cultures in our culture collection and of soil isolates, 
preliminary studies with an organism which proved 
to be Streptomyces olivaceus (Waksman) (Breed et al., 
1948) indicated that it offered promise as a producer 
of vitamin By. Detailed studies of the fermentation 
product, including chick feeding trials with whole dried 
culture, showed this organism to be valuable for the 
production of vitamin By, especially for the enrich- 
ment of animal feeds. 

A preliminary account describing the general aspects 
of the fermentation was given earlier (Hall, e¢ al., 1951). 
The present paper reports a study of factors which 
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influence yields of vitamin By in small-scale fermenta- 
tions, und outlines a process for producing a vitamin 
By concentrate with S. olivaceus. 


SpREPTOMYCES QOLIVACEUS AND Propucts ForRMED 


The strain of Streptomyces olivaceus, NRRL B-1125, 
ysed in this study was one of a large number of organ- 
isms isolated in 1949 from Japanese soil during a survey 
for producers of new antibiotics. We later found it to 
he one of our best organisms for the manufacture of 
vitamin By. Species identification was based on the 
description of this species in Bergey’s Manual of Deter- 
minative Bacteriology (Breed et al., 1948). Dr. S. A. 
Waksman, Rutgers University, kindly confirmed the 
identification. Stock cultures of the organism were main- 
tained on Bennett’s agar slants (Jones, 1949), where 
heavy vegetative growth and sporulation occurs in 3 
to 5 days at 28 to 30 C. Fresh transfers were made at 
3. to 4-week intervals and were stored at 30 C. 

S. olivaceus grows readily in submerged aerated cul- 
ture in media containing carbohydrate, mineral salts, 
and organic nitrogen-bearing materials, such as dis- 
tillers’ solubles, soybean meal, and mycelium from the 
penicillin fermentation. When it is grown in shaken 
fasks and in deep tank fermentors under favorable 
conditions of medium composition, temperature, aera- 
tion, and agitation, as much as 3 wg of vitamin By per 
ml is produced, the average being about 1.5 to 2.0 
ug per ml. Chromatographic analysis of fermented cul- 
ture media by the method of Winsten and Eigen (1949) 
showed vitamin By, (Woodruff and Foster, 1950) to 
be the predominating form of this vitamin. Analysis 
of culture broth showed some liberation of vitamin 
By» from the cells during the later stages of the fermen- 
tation cycle. 

Furthermore, the content of riboflavin, biotin, niacin, 
pantothenic acid, thiamin, and pyridoxine, is notably 
increased. An antibacterial substance designated “‘oli- 
vacin” is also produced. The antibiotic, which is some- 
what unstable to heat, exhibits some activity toward 
gram-positive rods, considerable activity toward gram- 
positive cocci, limited activity toward gram-negative 
organisms, and no activity toward acid-fast organisms. 
Attempts to isolate and characterize olivacin have been 
nsuccessful because of its instability. Desoxyribosides 
or other factors which stimulate growth of the organism 
employed for assay of vitamin By, Lactobacillus leich- 
mannii ATCC 4797, are not formed. 


MeEtTHODS 


Fermentations were conducted in 100 ml of media 
in 500-ml Erlenmeyer flasks and in 10 liters of media 
in 20-liter stainless steel fermentors, each equipped 
With automatic temperature control, agitator, and air 
‘parger. Flask cultures were incubated at 28 to 30 C 
0h a reciprocal shaker having 88 to 92 234-inch strokes 





per minute, or, in some series of experiments, on a 
rotary shaker travelling at 200 rpm through a circular 
path of 2!4-inches diameter. Deep tank fermentations 
were conducted at 22 to 37 C with the rpm of the 
stirrer between 180 and 220 and aeration rates from 0 
to 1 volume of air per volume of medium per minute. 
Shake flask and deep tank fermentor media were steril- 
ized at 121 C for 30 and 120 minutes, respectively. 
Fermentor media were adjusted to approximately pH 
7.0 after sterilization. 

Inocula were prepared from sporulated stock cultures 
on Bennett’s agar. The inoculum medium was the same 
as the final fermentation medium, or was composed of 
0.5 per cent each corn steep liquor solids and glucose. 
A loopful of spores was transferred to 100 ml of broth 
and incubated on a shaker for 48 hours. A second 
container was then inoculated with 5 per cent of this 
primary inoculum broth and incubated for a like period. 
For convenience, inocula for shaken flask fermentations 
were developed on a reciprocal or rotary shaker, whereas 
those for deep tank fermentations were developed in 
aerated flasks or bottles. In practice, fermentation 
media were inoculated with 5 per cent by volume of 
inoculum. 

Quantitative determination of vitamin B,. was made 
by a modification of the procedure of Skeggs e¢ al. 
(1948), using the assay organism, L. leichmannii ATCC 
4797. Fermentation liquors and reconstituted dried con- 
centrates were adjusted to pH 6.5, diluted serially 
with distilled water, and held at room temperature for 
30 to 60 minutes before dispensing in assay tubes. 
Tubed aliquots of the diluted samples were adjusted 
to 5 ml volume with distilled water, heated in an auto- 
clave at 121 C for 15 minutes, and cooled immediately. 
Sterilized double-strength assay medium, inoculated 
with the assay organism, was then added aseptically 
to the tubes. Usinga Coleman Universal spectrophotom- 
eter® at 625 mu, turbidity readings were made after 
20 to 24 hours’ incubation at 37 C. Crystalline vitamin 
By. (Cobione, Merck) was used as the standard reference 
vitamin. 

The disappearance of sugar in fermentation media 
was determined by the method of Somogyi (1945), 
and pH change was followed by potentiometric meas- 
urement. 


RESULTS AND DISCUSSION 
Proteinaceous Materials 


A variety of crude proteinaceous materials was tested 
as a source of nitrogen for fermentation media. Basal 
media composed of glucose, CaCO;, and CoCl.-6H,0 
were supplemented with the test material supplying 
the protein and evaluated in both shaken flasks and 

3 The use of stated commercial products does not imply en- 


dorsement of them over similar products of other manufac- 
turers. 
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20-liter fermentors for synthesis of vitamin By. The 
yields of vitamin By: obtained after 4 days’ incubation 
in media containing distillers’ solubles, soybean meal 
and mycelium from the penicillin fermentation, re- 
spectively, are given in table 1. Results show these 


TABLE 1. Synthesis of vitamin By. by Streptomyces olivaceus 
in relation to source of nitrogenous material 


FERMENTATION 


] 
PRODUCT, 4 PER CENT | TYPE VESSEL VITAMIN Bis 
| ug/ml 
Distillers’ solubles..}| Wheat Shaken flasks | 0.5-3.0 
Distillers’ solubles . | Wheat Deep tanks 0.2-3.3 
Distillers’ solubles. .} Corn Shaken flasks  0.8-1.9 
Distillers’ solubles. .| Corn-milo Shaken flasks | 0.2-1.3 
Distillers’ solubles. .| Milo Shaken flasks = 1.0-1.3 
US Sree 7 Corn Shaken flasks | 0.2-1.5 
Stillage............] Corn Deep tanks 1.5 
Soybean meal ......| Expeller Shaken flasks | 0.3-1.0 
Soybean meal.......|.Solvent ex- | Shaken flasks | 0.3-1.0 
| tracted 
Penicillin mycelium .| Dry Shaken flasks 0.6 
Penicillin mycelium .| Dry Deep tanks 2.0 
Distillers’ solubles | Wheat 
50% + soybean 
meal 50%........| Solvent ex- | Shaken flasks) 1.0-1.4 


tracted 


Fermentation conducted 4 days at 28 to 30 C. 
Basal medium: Glucose, 0.5 to 1.0 per cent; CaCQOs, 0.5 per 
cent; and CoCl,-6H:O, 1.5 to 10 ppm. 


TABLE 2. Synthesis of vitamin Biz. by Streptomyces olivaceus 
in relation to amount of distillers’ solubles in medium 


; - pH VITAMIN Bi2* 
DISTILLERS 
SOLUBLES percota pearaaar Daa — 
3 days 4 days 5 days 3 days 4 days 5 days 
% ug/ml ug/ml ug/ml 
0 6.1 5.8 5.6 0.1 0.1 0.1 
0.5 7.3 7.9 8.5 0.2 0.3 0.3 
1.0 7.7 8.2 8.6 0.4 0.5 0.6 
2.0 8.0 8.4 8.6 0.6 1.2 1.2 
3.0 8.1 8.4 8.7 0.9 1.4 1.3 
4.0 8.1 8.2 8.8 0.9 1.6 1.2 
5.0 8.0 8.3 8.8 0.8 1.4 1.0 


Media were sterilized for 20 minutes at 121 C; approx. 
initial pH, 7.0. Flasks inoculated with 24-hour liquid culture 
grown in basal medium plus 2.0 per cent distillers’ solubles, 
and incubated on reciprocal shaker at 28 to 30 C. 

* Average yield of duplicate flasks containing distillers’ 
solubles from the alcohol fermentation of wheat. 

Basal medium: Glucose, 0.5 per cent; CaCOs;, 0.5 per cent; 
CoCl,-6H,0, 1.5 ppm. 


materials to be promising sources of organic nitrogen 
and possibly other nutrients for the organism. Because 
different proteinaceous materials give different yields 
of the vitamin, it is nearly always necessary to deter- 
mine their suitability by preliminary fermentations. 

The optimum level of distillers’ solubles for the 
fermentation media was determined in shaken flask 


by supplementing the basal medium at a range of 0,0 
to 5.0 per cent. The solubles were obtained :t the 
NRRL from the alcohol fermentation of wheat, the 
starch in the mash being saccharified with fungal amyl. 
ase (Le Mense et al., 1949). Fermentations were con- 
ducted on a reciprocal shaker, and 10-ml samples of 
media were withdrawn aseptically from each flask at 
3, 4 and 5 days for the determination of pH and vita. 
min By. The results are given in table 2. The best 
yields of vitamin By. were obtained when 4.0 per cent 
of distillers’ solubles were supplied. At this level maxi- 
mum production of the vitamin was obtained after 4 
days’ incubation. During the first day of the fermenta- 
tion cycle, the medium thickens appreciably, but thins 
somewhat near the end of the fermentation. Supple- 
mentation of media containing distillers’ solubles with 
amino acids, several B-complex vitamins, corn steep 
liquor, urea, pyrimidines, purines, or 5,6-dimethyl- 
benzimidazole did not increase the yields of vitamin 


By. 
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Reaction of the Medium 


The best yields of vitamin By. were obtained when 
the initial reaction of the medium was pH 7.0 to 8.0; 
however, good growth of the organism and production 
of the vitamin were obtained throughout the range of 
pH 5.0 to 9.0. Media initially adjusted to pH 4.0 gave 
no growth and hence no vitamin By. At pH 10.0 
growth was relatively poor and there was only limited 
production of the vitamin. 

Data illustrating the progressive change in the com- 
position of the medium during a typical deep tank 
fermentation are presented in figure 1. During the 
first 24 hours glucose is largely dissimilated, and the 
medium becomes slightly acid, generally pH 6.4 to 
6.8. Following this initial period, the medium becomes 
alkaline, often pH 8.2 to 8.7, with evolution of am- 
monia. Synthesis of vitamin By: begins during the 
initial growth phase of the organism but is most rapid 
after 24 hours. The time required for the maximum 
production of vitamin By» is usually 64 to 96 hours; 
however, on occasion maximum yields may be obtained 
in about 40 hours. The total solids of fermented media 
is 3.0 to 3.5 per cent. Fermentations in shaken flasks 
follow a similar pattern. 
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Agitation and aeration of the medium are essential 
to good growth of the organism and influence the yield 
of the vitamin. In media containing 4.0 per cent of 
distillers’ solubles, 0.5 per cent of glucose, 0.5 per cent 
of CaCO;, and 1.5 to 10 ppm of CoCl,-6H.O, the 
average yield of vitamin Bi, was nearly 100 per cent 
greater in flasks incubated on a rotary shaker than in 
fasks incubated on a reciprocal shaker at the rates 
given. In deep tank fermentors the optimum rate of 
air flow was found to be one-fourth to one-half volume 
of air per volume of medium per minute. Yields of 
vitamin By. obtained under these conditions are sum- 
marized in table 3. Although yields of slightly more 
than 3 wg of vitamin By, per ml have been confirmed 
in tank fermentor runs, the results indicate that on 
the average about 1.5 wg per ml may be expected in 
practice. 


TaBLE 3. Synthesis of vitamin Bi. with Streptomyces olivaceus 
in shaken flask culture and deep tank fermentors 


TYPE OF 


EeFe OF SHAS FERMENTOR 


Rotary Reciprocal | Deep tank 
No. of fermentations. . 15 16 22 
No. of containers. ... 30 31 22 
Vitamin Biz, wg per ml (range). 1.3-3.0 | 0.5-1.9 | 0.2-3.3 
Vitamin Bis, ug per ml (average) 1.97 0.99 1.55 


Agitation of media: Rotary shaker, 200 rpm; reciprocal 
shaker, 88 to 92 strokes per minute; deep tank propeller speed; 
180 to 220 rpm. Fermentation conducted for 4 days at 28 to 
30C. 


Basal medium: Distillers’ solubles, 4.0 per cent; glucose, 
0.5 per cent; CaCOs, 0.5 per cent; CoCl2-6H:20, 1.5 to 10 ppm. 


Temperature 


S. olivaceus grows rapidly at 25 to 32 C, less rapidly 
at 20 and 36 C, and fails to grow at 41 C. Although 
flask fermentations were conducted satisfactorily at 
28 to 30 C, the more exact temperature requirement 
was studied in a battery of four 20-liter stainless steel 
fermentors. The upper limit for synthesis of the vitamin 
was found to be 32 C. There was rapid growth of the 
culture and synthesis of the vitamin at 22 C; however, 
maximum yields were uniformly produced at 26 to 32 
C. The range of 28 to 30 C was selected for all subse- 
quent fermentations. 


Carbohydrate Sources and Concentration 


Fermentable carbohydrate in the medium was found 
toenhance the growth of S. olivaceus during the initial 
period of the fermentation as well as the amount of 
Vitamin By formed. When the fermentation was con- 
ducted for 120 hours in shaken flasks with a basal 
medium of 4.0 per cent distillers’ solubles, 0.5 per cent 
CaCO;, 1.5 ppm CoCl,-6H,O, supplemented with 0 
to 10 per cent glucose, vitamin By. increased from 1.0 


ug per ml in media with no sugar to a maximum of 
1.5 wg per ml, with 1.0 per cent glucose. Progressively 
less vitamin By. was formed with higher levels of glu- 
cose, and only 0.5 ug per ml was formed in media con- 
taining 10 per cent sugar. Similar results were obtained 
in deep tank fermentors. The concentration of glucose 
also exerts a marked effect on the pH of fermenting 
media. At 120 hours the pH of fermented media con- 
taining initially 1.0 per cent of glucose was 9.0, whereas 
the pH of those containing 10 per cent glucose was 4.7. 
Other carbohydrates assimilated by S. olivaceus are 
sucrose, maltose, lactose, starch, and beet and cane 
molasses, but their effects on yields of vitamin By 
have not been determined. 


TABLE 4. Synthesis of vitamin Bi. with Streptomyces olivaceus 
in relation to cobalt 





VITAMIN Bi2* 


SOURCE OF COBALT "Cote 
4days | 6 days 
ppm pg/ml ug/ml 
PNRM Secrest ono oe enon ead arena tay aman 0.2 0.1 
br Os A 8 a ae .o0 1.1 1.3 
Ee 5 oc ha ccuexwadienlecades 1.24 1.5 1.9 
CMD a yo sca logis chew ccnenunsss 2.48 1.6 1.7 
eco Ser 2) ee eee mY Pt 1.3 
er ae re 1.24 1.6 1.8 
a Te ok i 8 ERG Behe 2.48 1.2 1.9 
ORS: OD Sra 87 1.3 1.6 
Cat NOs) s GHW. oon bie sc sae 1.24 1.6 1.6 
COCO ge GERI eng ce cob ce he 2.48 1.6 1.9 


* Average yields of duplicate flasks incubated on a rotary 
shaker at 28 C. 

Basal medium: Distillers’ solubles, 4 per cent; glucose, 0.5 
per cent; and CaCOs, 0.5 per cent. 


Cobalt and Other Minerals 


Rickes et al. (1948) first reported the presence of 
cobalt in vitamin By. Other workers (Brink, 1949, 
and Fantes et al., 1950) subsequently determined that 
it comprised 4.0 to 4.5 per cent of the molecule. This 
showed the need for cobalt in the biosynthesis of the 
vitamin. 

The effect of cobalt, supplied as CoCl,-6H,0, 
CoS0O,-7H.O and Co(NO3).-6H2O, on the synthesis 
of vitamin By with S. olivaceus is shown in table 4. 
Maximum yields of the vitamin were obtained with 
about 1.2 ppm of Cot** in the medium. Generally, 
little additional effect has been observed when the 
cobaltous ion was increased to 25 ppm. It was noted 
in some early experiments that approximately maxi- 
mum yields of the vitamin were obtained with 0.37 
ppm of cobalt (1.5 ppm of CoCl,-6H.O), and this 
level was used in certain of the tests reported. However, 
to insure obtaining the maximum effect from cobalt, 
2.47 ppm of cobaltous ion (10 ppm as CoCl.-6H,2O) 
was generally used in later experiments. 
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The growth of S. olivaceus and synthesis of vitamin 
Biz were not inhibited by 56 ppm of copper. However, 
synthesis of the vitamin was almost completely in- 
hibited by 82 ppm, and there was only slight growth 
of the culture in the presence of 133 ppm of copper. 
In these tests copper was supplied by the natural 
content of distillers’ solubles supplemented by 
CuSO,:-5H.O. In order to determine whether any sam- 
ples of distillers’ solubles might contain inhibitory 
amounts of copper, six lots of solubles from five dis- 
tilleries were analyzed. They contained insufficient 
amounts of copper to inhibit growth or vitamin By 
synthesis. In other tests synthesis of the vitamin was 
inhibited when media were sterilized in flasks con- 
taining strips of metallic copper, and when sterile pieces 
of the metal were added to fermentation media. Like- 
wise, strips of stainless steel, tin, aluminum, iron, and 
lead had n* effect on the growth of S. olinaceus or 
vields of vitamin Bho. 


Vitamin By. Concentrate 


Vitamin By, together with other products of the 
fermentation, was recovered by adjusting the fermented 
media to pH 4.5 to 5.5 with H.SO,, evaporating the 
heer to about 15 to 25 per cent solids, and drying with 
a spray- or drum-drier. The vitamin By. content of the 
dried product depends, of course, upon the yield of 
vitamin from the fermentation and the efficiency of 
the recovery process. The preparations were found 
to average routinely about 30 wg per g. The highest 
vitamin By, activity found for such a product was 44 
ug per g. The vitamin By, activity of a dried product 
stored for 21 months remained constant. Data on the 
rate of synthesis of other B-complex vitamins, men- 
tioned earlier as being formed during the fermentation, 
and the amounts of these in dried product will be re- 
ported elsewhere. 


Evaluation as a Feed Supplement 


A dried concentrate containing the fermentation 
products of S. olivaceus was tested as a source of vita- 
min By and other factors in chick feeding trials. Com- 
parison was made of growth responses from a basal 
vitamin B,o-deficient ration supplemented with (1) the 
fermentation product (2) pure vitamin By. and (3) 
combinations of these with penicillin. Weight gain and 
weight gain per unit of feed consumed were noted. 
The tests showed that the product is a good source of 
vitamin By» for chicks, and that the weight gains from 
1.0 wg per cent vitamin By» supplied by the fermenta- 
tion product were approximately equal to those ob- 
tained with 3.0 wg per cent of the pure vitamin. How- 
ever, the ratio of weight gain/feed consumed was about 
the same for each product at the 1.0 ug per cent level 
of Bi. The fresh product of S. olivaceus contained 
measurable amounts of antibiotic activity; however, 


this activity was lost during storage. There was no 
evidence of toxic substance when the fermentation 
product was fed at a level of 15 ug per cent of vitamin 
Bi. These tests were made by Dr. A. C. Groschke. 
formerly of the Poultry Department, Michigan State 
College, East Lansing, Michigan. 
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SUMMARY 


Streptomyces olivaceus NRRL B-1125 was found capa- 
ble of producing relatively large amounts of vitamin 
Biz when propagated in submerged aerobic fermenta- 
tions. Yields of the vitamin were found to be influenced 
by the composition of the culture medium. In media 
containing proteinaceous material, such as distillers’ 
solubles, glucose, CaCO3, and cobaltous ion, about 1.5 
ug of vitamin By per ml are formed in deep tank 
fermentors; however, as much as 3 wg of vitamin are 
obtained on occasion. Appreciable amounts of the B- 
complex vitamins, niacin, pantothenic acid, biotin, py- 
ridoxine, thiamine, and riboflavin are produced. 

The data show that S. olivaceus NRRL B-1125 can 
be used for the commercial preparation of vitamin By 
concentrates. The vitamin By. requirement of chickens 
is adequately supplied by fermentation products of 
this organism. 
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Leifson (1936) reporting on the use of a selenite 
enrichment media for the isolation of typhoid and 
paratyphoid bacilli, pointed out several factors which 
affect the inhibitory properties of the selenium salts. 
Among these were the influence of phosphates, the 
composition of medium particularly in regard to the 
peptone used, and composition and concentration of 
the product examined. Unfortunately his observations 
along these lines have been largely overlooked in at- 
tempts to apply selenite containing media to the isola- 
tion of Salmonella from a wide variety of sources. 

North (1950) in attempting the isolation of Sal- 
monella from dried and frozen eggs, observed that the 
reduction of the phosphate content of the media from 
1 per cent to 0.25 per cent increased both the selec- 
tivity and productivity of selenite broth. Frequently 
the higher phosphate concentration yielded negative 
results, while with the lower concentration large num- 
bers of Salmonella with no interfering organisms were 
observed. Because of variations which occasionally oc- 
curred, this work was not published but was continued 
in an attempt to determine some of the factors respon- 
sible for these negative findings. A report of our progress 
to date is being presented at this time. 


MATERIALS AND METHODS 


In the initial stages of the investigation the selenite 
enrichment broth was prepared as follows: tryptone 
4 g; lactose 4 g; sodium acid selenite 5 g; water 1000 
ml. Phosphate concentrations of 0.25 to 1.0 per cent 
were made by the addition of the indicated amounts 
of Nas-HPO, (anhydrous) and adjusting reaction to 
pH 7.0 with xn HCl. Later in the work it was found 
that preparation of media was greatly facilitated by 
adding equal parts of NasHPO, (anhydrous) and 
KH.PO, (anhydrous). The reaction obtained by this 
method was usually pH 6.9 and required no adjust- 
ment. 

Pure culture suspensions of Salmonella were pre- 
pared from agar slants in physiological saline. These 
could be stored for several weeks in the refrigerator 
with but little loss in viability. 

Brilliant green agar (Difco) prepared from the de- 
hydrated product or from the original ingredients in 
the same proportions was employed as a streaking 
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medium because of the ease with which typical colonies 
could be recognized. It also had the advantage of 
permitting the growth and recognition of lactose fer- 
menting types not inhibited in some instances by the 
enrichment medium. 


Productivity Tests with Various Peptones 

Serial dilutions of saline suspensions of recently iso- 
lated strains of Salmonella (Salmonella typhimurium 
unless otherwise specified) were prepared and added 
in 0.1 ml amounts in triplicate to the bottom of sterile 
100 x 13 mm tubes. To each tube was added 1 ml of 
the enrichment broth prepared with various peptones. 
Serial dilutions covering a wide range were employed 
to demonstrate the relative productivity of the media 
in terms of most probable numbers (M.P.N.). Control 
inoculations were made in fluid thioglycollate medium. 
All readings were made after 24 hours’ incubation with 
visible turbidity as indicative of growth. 

The results of these studies are shown in table 1. 
In the case of tryptone, 2 of the 4+ batches gave no re- 
covery from a 10~ dilution while 2 showed some prod- 
uctivity which was favored by the lower phosphate 
concentration. Less variation occurred with the three 
batches of trypticase studied, although 2 gave poor 
recovery with | per cent phosphate. Variations will also 
be observed in the 2 batches of casitone, in the peptone 
and proteose-peptone produced by different manufac- 
turers, and in the other types of peptones tested. 

Because of the negative results obtained with some 
peptones, a search for possible deficient factors was 
a base medium prepared with casitone 
(batch 2) which gave poor recovery in the previous 
studies. The addition of 0.01 per cent yeast extract to 
broth containing this peptone markedly increased the 
growth of Salmonella, particularly with 0.25 per cent 
phosphate. With 0.1 per cent yeast extract, complete 
recovery of the added organisms was obtained at both 
0.25 per cent and 1.0 per cent phosphate levels. 

Since cystine is frequently employed in synthetic 
culture media, experiments were undertaken concerning 
the effect of this amino acid as an additive in selenite 
broth prepared with an apparently deficient peptone 
such as casitone (batch 2) or tryptone (batch 1 or 4). 
It will be seen from table 2 that very small amounts 
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of eystine!, as little as 0.024 ug/ml, stimulated growth 
in the presence of 0.25 per cent phosphate while at 
0.4 wz/ml the stimulating effect was maximal at this 
phosphate level. Further additions of cystine tended 
{o produce better recovery at the 1 per cent phosphate 
levels. 

In broth prepared with tryptone (batch 1) the effect 
of varying levels of cystine on recovery of Salmonella 
anatum are equally significant (table 3). Growth was 


TaBLE 1. Productivity tests of various peptones incorporated in 
selenite broth 


PHOSPHATE CONCENTRATION 
PEPTONE* 


1.0 per cent 0.25 per cent 
M.P.N.f M.P.N.+ 


Tryptone 1t <300 <300 
2 43 ,000 930 ,000 

3 <300 <300 

4 <300 43 ,000 
Trypticase 1 23,000 | 2,400,000 
2 2,400,000 | 24,000,000 

3 23,000 | 4,600,000 

Trypticase and Thiotone (2.5 geach), 2,400,000 | 11,000,000 
Thiotone 2,400,000 9,100 
Polypeptone (old) <300 <300 
Casitone 1 460,000 | 11,000,000 
2 <300 <300 

Peptone X 11,000,000 | 11,000,000 
x <300 | <300 
Proteose-peptone X 24,000,000 | 24,000,000 
Y <300 | 23,000 

Salt Free Hycase <300 | 2,400,000 
NX Z Amine—A 4,600,000 | 11,000,000 
\ Z Amine—B 4,600,000 | 11,000,000 
Edamine 2,400,000 | 2,400,000 
Phytone 4,600 ,000 240 ,000 
Tryptose 930,000 | 2,400,000 
Proteose-peptone #2 2,400 ,000 2,400 ,000 
Proteose-peptone *3 2,400,000 | 4,600,000 
Neopeptone <300 <300 


*M.P.N. in the control fluid thioglycollate medium in 
triplicate tube series was 6,700,000 per ml. 

{ M.P.N. determined from triplicate series inoculated with 
Salmonella typhimurium. 

t Numbers indicate different batches; X and Y indicate 
products of different firms. 


stimulated by as little as 0.004 ug/ml at the 0.25 per 
cent phosphate concentration and reached a maximum 
at 0.25 ug/ml. With 1.0 per cent phosphate stimulation 
was noted at 0.13 ug/ml although the productivity 
was inferior to that obtained with the 0.25 per cent 
phosphate until 1.0 ug/ml of cystine had been added. 
With 2.5 ug/ml of cystine results were reversed and 
higher counts were obtained with the 1.0 per cent 
phosphate concentration, a condition which held with 
lurther increases in cystine so that at 10 ug/ml the 
'L-cystine was prepared by dissolving 0.1 g or 1.0 g in 10 to 
20 ml of N NaOH and making up to 100 ml with distilled water. 
One ml per liter equals 1.0 wg and 10 yzg/ml, respectively. 


count was 100 times that at the 0.25 per cent phosphate 
level. 

A similar effect of cystine on a commercial dehydrated 
selenite broth enrichment medium is shown in table 4. 
Unfortunately the omission of some of the levels of 
inoculum prevents the drawing of conclusions as to the 


TABLE 2. Effect of cystine on productivity of selenite broth pre- 
pared with Casitone 2* 


PHOSPHATE CONCENTRATION 


CYSTINE ——_—_—— 

1.0 per cent 0.25 per cent 

M.P.N.} M.P.N.t 

ug/ml 
None <100 <100 
0.024 <100 24 ,000 
0.10 1,100 240 ,000 
0.20 23 ,000 4,600,000 
0.40 110,000 24 ,000 ,000F 
0.80 11,000 ,000 2,400,000 
1.5 24 ,000 ,0007 4,600,000 
3.0 24,000 ,000T 11,000,000 
6.0 11,000 ,000 4,600 ,000 


* See table 1. 

+ Exceeds maximum thioglycollate control M.P.N. Average 
of 6 determinations of the control was 7,800,000. 

t Most Probable Numbers determined from triplicate 
series inoculated with Salmonella typhimurium. 


TABLE 3. The effect of cystine on productivity of selenite broth 
prepared with Tryptone 1* and inoculated with Salmonella 
anatum (anatis) 


PHOSPHATE CONCENTRATION 


CYSTINE — 
1.0 per cent 0.25 per cent 
M.P.N.+ M.P.N.+ 
pg/ml 
None 2,400 46 ,000 
0.004 2,400 150,000 
0.03 2,400 460 ,000 
0.13 24,000 1,100,000 
0.25 150,000 11 ,000 ,000 
0.5 460 ,000 2,400 ,000 
1.0 1,100,000 2,400,000 
2.5 2,400 ,000 750 ,000 
5.0 1,100,000 750 ,000 
10.0 2,400,000 24,000 


* See table 1. 
+ Triplicate series. In thioglycollate medium the M.P.N. 
was 4,670,000. 


optimum cystine level but the increase in recovery of 
S. typhimurium is clearly demonstrated. 

In the data thus far presented the results have been 
obtained on media inoculated with pure cultures, and 
the dual question of selectivity of the medium and the 
effect of added material under examination on the 
phosphate-cystine relationship has not been dealt with. 
It is conceivable that the addition of other proteins or 
salts by the inoculum would result in either an increase 
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or a decrease in the toxicity of the selenite. The follow- 
ing experiments were performed as previously described, 
with the exception that an intermediate phosphate 
concentration of 0.5 per cent was included and that 
whole egg to equal 10 per cent was added to the various 
enrichment broths. These were distributed in 1.0 ml 
amounts and inoculated in the same manner as in the 


TABLE 4. Effect of cystine on productivity of selenite broth pre- 
pared with commercial dehydrated selenite enrichment medium 


Recovery of Salmonella typhimurium at various dilution levels 


ADDED L-CYSTINE 10-2 1073 10-4 10-5 1076 1077 
pg/ml 
None Ot 0 0 0 0 0 
0.1 0 0 0 0 0 0 
0.2 0 0 0 0 0 0 
0.4 3 3 3 <i sg . 
0.8 3 3 3 3 . Hd 
1.5 3 3 3 3 3 : 
3.0 3 3 3 3 3 1 
6.0 3 3 3 3 3 2 


* No inoculations made. 
+ The number of triplicate tubes positive. 


TaBLeE 5. Effect of cystine on the recovery of Salmonella typhi- 
murium in selenite broth prepared with polypeptone (old)* 
in the presence of whole egg and varying phosphate con- 
centrations 


(A) Three-Tube Series; (B) One-Tube Series 


PHOSPHATE CONCENTRATION 


ADDED 
—— 1.0 per cent§$ 0.5 per cent 0.25 per cent 
M.P.N.+ M.P.N. M.P.N. 
Three-Tube Series 
ug/ml 
A None <50,000 2,400,000 24,000,000 
0.25 230 ,000 4,600,000 46,000,000 
0.50 230 ,000 46 ,000 ,000 | 46,000,000 
One-Tube Seriest 
B 1.0 10-4 1077 10-° 
2.0 10-5 1077 1077 


* See table 1. 

+ M.P.N. in thioglycollate control medium was 460,000,000. 

t Highest dilutions showing growth. 

§ Larger numbers of types other than Salmonella were 
present at the 1.0 per cent phosphate level. 


productivity tests. The inoculated tubes were incubated 
made on bril- 
liant green agar, using one plate for each dilution by 
A uniform 
method of streaking was adopted so that growth had 


overnight (16-18 hours) and streakings 
dividing the plate into three segments. 
relative significance. 


The results of these experiments are presented in 
table 5, which is divided into two parts. In part A 


triplicate tubes were used for each dilution while jp 
part B single tube inoculations were made. 0}: poly- 
peptone, which apparently was devoid of grow th-pro. 
moting properties for Salmonella, was used in preparing 
the medium employed. 

The productivity of the medium containing the re. 
duced phosphate was enhanced by the addition of the 
egg and further increased as the cystine concentration 
was increased. In the medium having up to 0.5 ug/ml 
cystine concentration, only a fraction of the theoretical 
number of Salmonella was recovered. In the single tube 
series with 1.0 ug/ml of cystine and 0.25 per cent 
phosphate, Salmonella were recovered at the highest 
dilution employed (10°), which probably represents 
full recovery. 


TABLE 6. Effect of cystine on the recovery of Salmonella typhi- 
murium in selenite broth prepared with Tryptone 1* in the 
presence of whole egg and varying phosphate concentrations 


PHOSPHATE CONCENTRATIONS 
CYSTINE 


ADDED | 1.0 per cent 0.5 per cent 0.25 per cent widens 
M.P.N.t | M.P.N. M.P.N. 
| 
pg/ml | | | 
None | 100 0001) 93 ,000, 000! 93,000 ,000} Only a few Sal- 


| monella pres. 
| | | ent on posi- 
| tive plates 

1.0 93,000,000 |240 ,000 000/240 ,000, 000! Coliforms were 

| | reduced. Sal- 

| | monella _ in- 

| creased on 

| positive plates 

| 


10. 08) 460 ,000 ,000 - 000 ,000)}240 ,000, 000) Negative plates 
only showed 


| 
| 
| coliforms 


100 .0§ 1 , 100 ,000 ,000 460, 000 ,000)/460 ,000 ,000) No _ coliforms 


| in any dilu- 

| | tion 

* See table 1. 

7 The M.P.N. in the thioglycollate control medium deter- 
mined from 6 replicates was 460,000,000. 

t Many coliform types were present on the plates in dilu- 
tions from 1077 to 107°. 

§ Few organisms other than Salmonella were encountered 
on the plates positive for Salmonella. 


It will be noted that productivity and selectivity 
were much inferior in the presence of 1 per cent phos- 
phate. The contaminants encountered were predoni- 
nantly slow lactose fermenters which were quite difl- 
cult to distinguish from Salmonella both on brilliant 
green and §. 8. agar (Difco) streak plates. In the et- 
richment broth containing 1 per cent phosphate, they 
grew abundantly, making isolation of Salmonella dift- 
cult except in the lowest dilution. This condition was 
not altered by the addition of cystine. The interference 
was much less with lower phosphate levels and fre- 
quently streak plates contained only Salmonella, which 
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were confirmed by direct agglutination with type B 
antisera. It should be especially noted that except for 
the lowest dilution, the use of 1 per cent phosphate 
media prepared with peptone of low productivity with 
or without added cystine in the concentrations em- 
ployed would have resulted in negative findings even 
though several million S. typhimurium had been added. 

In results previously obtained (table 3) it was noted 
that higher recovery of Salmonella, when added in 
pure culture, was obtained in 1 per cent phosphate 
broth containing cystine in concentrations of 2.5 ug/ml 
or above. In order to determine whether this observa- 
tio was also true in the presence of whole egg, the 
experiment recorded in table 6 was performed. The 
procedure described in the preceding experiment was 
followed, with the exception that cystine levels of 1, 
10, and 100 ug/ml were employed. 

It will be noted that in the absence of cystine, 
Salmonella were not recovered in the 1 per cent phos- 
phate broth in the lowest dilution recorded, although 
present in both 0.25 and 0.5 per cent phosphate broths. 
The addition of 1 ug/ml of cystine increased recovery 
at all phosphate levels with better productivity still 
evident with reduced phosphate. When the cystine 
concentrations were increased to 10 and 100 ug/ml, 
the opposite results were obtained and greater recovery 
was apparent in the medium containing the 1 per cent 
phosphate. 

On the basis of these results and since commercial 
selenite preparations contain 1 per cent phosphate, 
cystine concentrations of 10 ug/ml were selected for 
subsequent tests. Artificially inoculated egg whites were 
examined in commercial media which contained 0.4 
per cent selenite and in the media of the same composi- 
tion prepared in the laboratory. 

Dilutions were prepared as follows: To 20 ml of the 
enrichment broth was added 2.2 ml of liquid egg white. 
One ml portions, representing 0.1 ml of egg, were re- 
moved to sterile Wassermann tubes. Dilution of 1:100 
as obtained by transferring 0.1 ml portions of the 
original suspension to tubes containing 0.9 ml of en- 
richment broth, and subsequent serial dilutions were 
made by transferring 0.1 ml from the previous dilution 
to 0.9 ml of broth. Five tubes were inoculated for each 
dilution, in each instance a sixth tube being used for 
the preparation of the next serial dilution. The re- 
mainder of the original suspension, containing approxi- 
mately 1.75 ml of egg, is recorded as the 10~ dilution. 

The tubes were incubated overnight and streaked 
the following morning on brilliant green agar. The 
plates were incubated at 37 C for 24 hours. The results 
are set forth in table 7. 

The addition of cystine (10 ug/ml) markedly in- 
creased the recovery of Salmonella in both the broth 
prepared from the commercial dehydrated product (A) 


and that prepared from the individual ingredients fol- 
lowing the same formula. With the commercial dehy- 
drated product (A), no Salmonella were recovered and 
in the medium No. 3 prepared in the laboratory only 
2 colonies appeared on the plate streaked from the 
initial suspension. The improved selectivity of the lab- 
oratory prepared medium with added cystine is ap- 
parent by a comparison of medium No. 2 and No. 4. 


TaBLE 7. Effect of cystine on productivity of enrichment broths 
prepared with commercial dehydrated media containing 0.4 
per cent selenite and in media of the same composition 
prepared in the laboratory. Egg white inoculated 
with Salmonella typhimurium 


MEDIUM 


aca ENRICHMENT MEDIA M.P.N.* 


REMARKS 


i Commercial <10 
dehydrated A} 
2 Medium 1 plus | 540 


Negative Salmonella and other 
types in all dilutions 
Few to many Salmonella on 


10 pg/ml positive plates. Few to 

cystine many other types in lowest 
dilutions 

3 Laboratory <10 | Negative Salmonella. Few to 


Formula At moderate number of other 
types to the 10-? dilutions 


4 Medium 3 plus| 350 | Many Salmonella on positive 


10 pg/ml plates. No other types pres- 
cystine ent 
5 Commercial 350 | Same as 4 
dehydrated 
B 
6 Medium 5 plus; 350 | Same as 4 
10 pg/ml | 
cystine 
7 Laboratory 55 | Very few to many Salmonella 


formula Bt on positive plates. Some 
plates to the 10 dilution 
showed other types 


8 Medium 7 plus, 540 | Many Salmonella on positive 


10 pg/ml plates. Few other types in 
cystine 10 dilution 
9 Laboratory 350 | Many Salmonella on positive 


formula Bt plates. No other types in 
lower dilutions 

| Many Salmonella on all posi- 
tive plates. No other types 


were present 


10 | Medium 9 plus | 1700 
10 ug/ml 
cystine 


* Most Probable Numbers was based on a 5 tube series. 
+ Deficient peptones used. 
t Satisfactory peptones used. 


Commercial dehydrated product (B) gave good re- 
covery of the inoculated organisms and was not altered 
by the addition of cystine. The product prepared from 
the individual ingredients varied considerably in pro- 
ductivity depending on the peptones that were used, 
but in each instance the addition of 10 ug/ml of cystine 
resulted in greater recovery of Salmonella. Unless actual 
productivity tests of each batch of commercial dehy- 
drated media or of the peptone ingredients are made, 
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the routine addition of cystine to offset any possible 
deficiencies appears highly desirable. 
DIscUSSION 

Tn view of the significance that is frequently attached 
to the results obtained from the examination for Sal- 
monella, it is felt that attention should be called to the 
possibility of false negatives resulting from the use of a 
medium which is customarily regarded as satisfactory. 
We have found it necessary to repeat the examination 
of many samples of egg, previously found negative, 
with results contrary to original findings. 

The necessity of determining the optimum propor- 
tions of phosphate depending on the particular peptone 
has been pointed out by Leifson :(1936) and is borne 
out by our results and, in addition, it also appears 
essential to consider the influence of the substance 
under examination. Leifson’s observation that the pep- 
tones were of minor importance is not borne out by 
our results. Further, the variation occurring between 
different batches of the same peptone is of major 
concern. Work not here presented demonstrates that 
this occurs with fecal specimens as well as with saline 
suspension of Salmonella and with egg products. It is 
recognized that the results to date are not sufficient 
to permit drawing of conclusions regarding all of the 
factors to be considered in selecting a satisfactory 
medium for the isolation of Salmonella from any particu- 
lar product. 

The addition of 1.0 ug/ml of cystine and reduction 
in the phosphate content to 0.25 per cent, has shown 
promise in correcting deficiencies in selenite media 
otherwise found unsatisfactory. Information has not 
been obtained to demonstrate the effect of these changes 
when a satisfactory peptone is employed; however, it is 
conceivable that the addition of 1 ug/ml of cystine 
under these conditions could result in a decreased 
productivity with media containing reduced phosphate 
content. 

The data demonstrate that with a phosphate con- 
centration of 1 per cent, the addition of 10 ug/ml of 
cystine will result in greatly improved productivity in a 
deficient medium and will not adversely affect one 
already satisfactory. It seems probable that substances 


other than cystine could be employed, as was «: mon. 
strated when yeast extract was incorporated ji the 
medium. 

Our results indicate that variation in recove: y ob. 
tained with some peptones is caused either by the lack 
of some nutritional substance in the peptone or |v the 
deficiency in some factor which affects the toxicity of 
the selenite for Salmonella. It is possible that these 
factors are closely interrelated. 

In some instances, the deficiencies observed may have 
been the result of the age of the product but in the 
absence of any means of determining production dates. 
we can only speculate on this possibility. With at least 
one of the dehydrated products this was probably not 
a factor, since the lot was used shortly after being re- 
ceived directly from the manufacturer. . 


SUMMARY 


Marked deficiency in productivity of selenite en- 
richment broth for the recovery of Salmonella from 
pure culture and from egg products has been observed 
when the media were prepared from different. types or 
batches of peptones. 

Similar deficiencies have been noted in selenite broth 
prepared from commercial dehydrated products. 

In the isolation of Salmonella from egg products, 
such deficiencies may be in part improved by the 
addition of the substance under examination and 
marked improvement is obtained by the addition of 
cystine in concentration of 10 ug/ml. 

Similar additions of cystine are essential when ex- 
amining a substance which would not contribute to the 
nutritional character of the medium. 

Greater emphasis should be placed on the need for 
determining the efficiency of the enrichment broth when 
using new batches or when the character of the inoculum 
is changed. 
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Phenol has been used widely in the last two decades 
for the inactivation of rabies virus since Semple (1911) 
described a successful procedure for the production of 
rabies vaccine using a concentration of phenol of 0.5 
per cent and of 1 per cent. This concentration of phenol 
in the final product caused some tissue damage at the 
site of inoculation and lowered the potency and stability 
of the vaccine. In an effort to improve the quality of 
the vaccine the National Institutes of Health recom- 
mend that the final concentration of phenol be reduced 
toa maximum of 0.25 per cent. 

The development of a procedure by Levinson et al, 
(1945) using ultraviolet irradiation in the inactivation 
of rabies virus stimulated considerable interest among 
manufacturers, since the resulting potencies were much 
higher (approximately 10 fold) than those obtained 
with phenol inactivation. The disadvantages of this 
method are that the equipment used is expensive and 
and 
operate. In the event of incomplete inactivation the 
process must be repeated, and this requires much ad- 


requires considerable labor to sterilize, assemble 


ditional labor. Inactivation with phenol is a simple 
and inexpensive procedure compared to ultraviolet ir- 
radiation; therefore, a modification of the Semple 
method giving a product with a potency equal to that 
obtained by ultraviolet irradiation would be highly 
desirable. 

Between 1945 and 1948 the procedure employed in 
this laboratory consisted of the treatment of a freshly 
prepared tissue emulsion, 40 per cent in sodium chlo- 
ride solution 0.85 per cent, with phenol 0.8 per cent 
followed by incubation for 17 to 20 days at room tem- 
perature (20 to 25 C) to inactivate the virus. When 
inactivation was complete, the tissue emulsion was 
diluted to 6.66 per cent with sodium chloride solution 
0.85 per cent, phenol concentration 0.13 per cent, and 
sodium ethyl mercuri thiosalicylate (Merthiolate, Eli 
Lilly and Company) was added to give a final concen- 
tration of 1:10,000. 

Jamieson and Powell (1931) and Morgan, Jamieson 
and Powell (1933) observed that bacterial antigens, 
toxins and toxoids preserved with Merthiolate gave 
rise to antibody titers in guinea pigs which were higher 
than those stimulated by the corresponding products 
which were killed by heat or preserved with phenol. 
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This observation, together with the knowledge that 
Merthiolate has an affinity for certain protein groups, 
led us to postulate that Merthiolate might inhibit 
certain enzymes or protect certain antigenic groups of 
rabies virus from the destructive action of phenol. 
Therefore, the effect of Merthiolate added to freshly 
prepared tissue emulsions immediately following the 
addition of phenol was studied. 

It is the purpose of this report to present a method 
for the inactivation of rabies virus with phenol in the 
presence of Merthiolate, and to compare the antigen- 
icity of the resulting vaccines with those prepared by 
(1) Inactivation by phenol alone (2) Inactivation by 
irradiation with ultraviolet light. 


MATERIALS AND METHODS 


Normal adult rabbits were injected intracerebrally 
with 0.2 ml of a 1 X 10-* dilution of fixed rabies virus. 
After rabbits had shown symptoms of rabies for 24 
hours or more, they were sacrificed by use of air em- 
bolism. The brain tissue was removed aseptically, a 
sample taken for sterility test, and, after weighing, the 
remainder was stored at minus (—) 50 C. A 50 per 
cent W/V tissue emulsion in sodium chloride solution 
0.85 per cent was prepared by grinding in a colloid 
mill. A sample of the emulsion was removed for the 
determination of the virus titer. Sufficient phenol 4 
per cent in sodium chloride solution 0.85 per cent was 
added to give a final phenol concentration of 0.8 per 
cent, and a tissue concentration of 40 per cent. The 
resulting emulsion was divided into aliquots of 500 to 
600 ml each. 

Merthiolate solution, 1 per cent, was added to one 
aliquot to give a final concentration of 1:10,000. No 
Merthiolate was added to the second aliquot. The 
emulsions were stored at room temperature, 20 to 25 
C, for from 17 to 20 days for virus inactivation, and 
were then diluted with sodium chloride solution 0.85 
per cent to a tissue concentration of 6.66 per cent. 
Merthiolate 1 per cent was added to each aliquot to 
give a final concentration of 1:10,000 in the diluted 
emulsion. 

The 6.66 per cent emulsion was tested in mice for 
viable virus. If viable virus was still present, the emul- 
sion was re-incubated at room temperature for 5 to 10 
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days and then retested. Upon completion of a satis- 
factory test for virus viability in mice, a viability test 
was performed in rabbits. The potency (protective 
value) of the emulsion was then determined in accord- 
ance with the Minimum Requirements for Rabies Vac- 
cine of the National Institutes of Health (1946). 
Inactivation by irradiation with ultraviolet light was 
performed as follows: An aliquot of the 50 per cent 
tissue emulsion described above was diluted to a 10 
per cent W/V emulsion with sodium chloride solution 
0.85 per cent. No phenol was added. The resulting 
emulsion was irradiated using the Dill Irradiator'. Uni- 
form wetting of the rotating cylinder was accomplished 


TABLE 1. Values obtained in mice vaccinated with rabies vaccine 
prepared with and without added Merthiolate during phenol 


inactivation 
=a L0G LDso VACCINATED* s60 Ee 
Lot no, | STRAIN OF | ATTENUATION| —— : : NON- 
virust TITER LOG | No Merthiolate Merthiolate | vaccINATED 
LDso _ during. added during, CONTROLS 
inactivation inactivation 
549 NIH 5.40 (a) 2.75 1.54 6.69 
(b) 2.38 1.19 7.00 
(c) 2.38 1.19 7.08 
558 MDH 5.64 (a) 2.62 2.22 7.35 
(b) 2.62 2.22 7.00 
559 MDH 5.75 (a) 2.82 1.86 7.35 
(b) 2.82 1.86 7.00 
560 NIH 5.60 1.35 1.21 7.08 
561 PMG 5.60 2.00 1.59 7.30 
563 MDH 6.50 2.90 2.12 6.91 
564 MDH 6.00 1.89 2.36 7.21 
566 MDH 6.25 3.50 2.20 7.34 
590 MDH 4.38 3.37 1.00 7.30 
591 NIH 4.50 (a) 1.34 <1.00 7.30 
(b) <1.00 <1.00 7.5 
(c) 2.15 1.00 7.25 


* Where more than one test was performed the data are in- 
cluded with each separate test labeled (a), (b), (c). 

+ Abbreviation refers to source of strain: NIH = National 
Institutes of Health; MDH = Michigan Department of 
Health; PMG = Pitman-Moore Laboratories. 


by the use of a wetting agent, Aerosol O.T.?, at a dilu- 
tion of 1:500,000 V/V. The wetting agent was collected 
into a waste bottle through a Y-tube and discarded. 
Irradiation was performed using two “Slimline’’ lamps 
at an angle of 45 degrees, speed of rotation 400 rpm, 
and at a flow rate of 206 to 388 ml/min. Merthiolate 
was added to a final concentration of 1:10,000 after 
irradiation. 

The statistical analysis was made by determining 
the difference between the mean LD5o’s of the two vac- 
cines to determine whether the difference was significant 
or merely occurred because of sampling variation. A 


1J. J. Dill Ultra-Violet Company, Kalamazoo, Michigan. 

2 Aerosol O. T. 100 per cent. American Cyanamid Com- 
pany, 30 Rockefeller Plaza, New York 20, New York. 

3 Westinghouse * G36T6. 


TABLE 2. Values obtained in mice vaccinated with rabies } iccine 
inactivated with phenol in the presence of Merthiolate «nd 
vaccine inactivated by ultraviolet irradiation 


LOG LDso VACCINATED* 
PRE- LOG LDs5 


LOT NO. STRAIN OF ATTENUATION 


virust TITER LOG Phenolized- Inactivated | vaci a 

LDso Merthiolate with ultra- | conrrozs 

added violet light ; 
560 NIH 5.60 (a) 1.2 1.14 7.08 
(b) 1.62 boa 6.93 
563 MDH 6.50 (a) 2.12 2.46 6.91 
(b) 2.12 1.75 6.91 
564 MDH 6.00 (a) 2.36 2.38 7.21 
(b) 2.36 1.66 7.21 
566 MDH 6.25 (a) 2.20 2.00 7.34 
(b) 2.20 2.18 7.34 
568 MDH 5.50 (a) 2.14 1.94 6.77 
(b) 2.27 3.36 7.07 
(c) 3.00 °2.00 7.57 
574 MDH 6.00 2.88 3.00 7.00 
577 PMG 5.38 1.78 1.63 7.00 
578 NIH 5.75 (a) <1.00 <1.00 7.28 
(b) 1.50 1.00 7.39 
(c) 1.93 2.55 7.00 
579 MDH 3.40 (a) 3.17 3.10 7.28 
(b) 2.57 2.71 7.39 
(c) @ 3.21 3.28 7.00 
(d) ¥ 3.71 2.75 7.19 
581 NIH 5.50 (a) 1.82 1.94 7.00 
| (b) 1.56 1.50 7.19 
(c) 1.86 1.00 7.45 
(d) 1.60 1.81 7.25 
(e) 1.53 2.46 7.25 
(f) 1.44 1.80 7.25 
583 MDH 5.64 2.81 2.74 7.69 
584 PMG 5.75 2.42 2.36 7.69 
585 MDH 4.60 2.46 2.50 7.55 


* Where more than one test was performed the data are in- 
cluded with each separate test labeled (a), (b), (c), (d), (e), 
(f). 

{+ Abbreviations refer to source of strain: NIH = National 
Institutes of Health; MDH = Michigan Department of Health; 
PMG = Pitman-Moore Laboratories. 


value of “‘?’’ was obtained by expressing this difference 
in terms of the standard error of the difference using 
the formula 


: - : cesiieese 7 
= = where °%, — % = VR? + °72 and “2, 
a = Te ; 


_ “2 1 °Z, = °X2 
= /N anc Lo = a/N 


Applying this value of ‘‘t”? and the appropriate degrees 
of freedom to Fisher and Yates (1938) ‘‘t’ table (for 
small numbers of samples), a value is obtained for the 
level of significance. The conventional level of signifi- 
cance for eliminating chance is 5 per cent. 


RESULTS 


The potencies of vaccines treated with Merthiolate 
during attenuation and those in which the Merthiolate 
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was added after attenuation are presented in table 1. 
Phenolized tissue emulsions treated with Merthiolate 
during the inactivation period were on the average 
approximately 9 times more potent than emulsions 
not treated with Merthiolate. The one exception to this 
is Lot 564, in which the Merthiolate-treated portion 
showed a lower protective value. Statistical analysis 
of the data presented in table 1 confirms the above 
observations that the vaccines inactivated with phenol 
in the presence of Merthiolate were superior to vac- 
eines inactivated with phenol in the absence of Merthio- 
late. The level of significance or the probability value 
was found to be approximately 2 per cent. 

Table 2 presents data from which it is possible to 
compare vaccines prepared from identical tissue emul- 
sions, one aliquot inactivated with phenol in the pres- 
ence of Merthiolate, the other inactivated by irradia- 
tion with ultraviolet light. These data indicate that 
these two methods produce vaccine of approximately 
equal antigenicity. By statistical analysis the level of 
significance or the probability value was found to be 
approximately 65 per cent, substantiating the equality 
of these vaccines. 


DISCUSSION 


The addition of Merthiolate to a phenolized brain 
tissue emulsion may protect certain antigenic groups 
from the adverse effects of phenol. The mechanism for 
such action cannot be postulated without further study. 
It is significant that rabies vaccines of high antigenic 
value can be produced by the above procedure, and 
that in this laboratory this type of vaccine is comparable 
to experimental lots of vaccine which we have prepared 
using ultraviolet light as the inactivating agent. 

The greatest importance of the procedure described 
above probably lies in terms of the simplicity of equip- 
ment and the amount of labor required to produce 
high potency rabies vaccine. It is also of importance 
that no serious reactions have been reported from doses 
of vaccine prepared by this procedure over the four- 
year period in which approximately 27,000 doses of 
rabies vaccine were used annually in the State of 
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Michigan. Although Negri bodies are demonstrated in 
an average of 300 animal heads each year, no cases of 
rabies in man have been reported during the four-year 
period in which this vaccine has been available. 
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SUMMARY 


A method is described for the production of pheno- 
lized rabies vaccines of high antigenic value. Improved 
potencies were obtained when the preservative, Merthi- 
olate, was added immediately following the addition 
of phenol. The potencies of these vaccines were com- 
parable to those obtained by using ultraviolet irradia- 
tion and the vaccines thus far have not caused serious 
reactions in human recipients. 
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The importance of bacteriophage in dairy fermenta- 
tions has resulted in extensive research during the past 
two decades. This work has been reviewed by Elliker 
(1951). Recently a more fundamental approach has been 
used, and methods developed in other areas have been 
applied to the study of lactic streptococcus bacterio- 
phage. 

Employing the one-step growth technic of Delbriick 
and Luria (1942), Cherry and Watson (1949) reported 
on the growth characteristics of a strain of lactic strep- 
tococcus bacteriophage. They observed in tryptone 
yeast extract broth following 10 minutes’ adsorption a 
latent period of virus growth in the range of 31 to 33 
minutes, a rise period of 15 to 18 minutes and an average 
burst size of 70 plaque-forming particles per infected 
cell. As their investigation was made with but one 
strain of the virus in only one medium, it seemed de- 
sirable to extend the study. 

In the present work experiments were conducted with 
three bacteriophage strains, each studied in two media 
differing in level of definition. To determine the extent 
of variation in sizes of individual bursts, and for com- 
parison with average burst size evaluated from one-step 
growth curves, burst size also was studied with the single 
infected cell technic of Burnet (1929). 


MertTHopDS 


The three bacteriophage-organisms combinations were 
chosen from among those studied earlier (Potter and 
Nelson, 1952a) as representing diverse phage types by 
the criteria of host range, heat resistance and antigenic 
character (Wilkowske, 1949). The same methods for 
propagating and enumerating bacteriophage were em- 
ployed except that in making plaque plates, tomato 
juice-peptonized milk agar was replaced by eugonagar 
minus the sulfite (Baltimore - Biological Laboratories) 
and 1.0 per cent CaCl,-2H.O0 was used as the cell 
diluent. For enumerating bacteriophage strains F63 and 
F69 eugonagar was adjusted to pH 6.0; for strain F56 
pH 6.6 gave more easily countable plaques. All bacterial 
counts were made on this medium adjusted to pH 6.6. 

The three media in which virus growth was studied 
were: (1) commercially pasteurized skim milk heated 

1 Journal paper no. J-2238 of the Iowa Agricultural Experi- 
ment Station, Ames, Iowa. Project no. 1194. 

® This investigation was supported in part by a research 
grant from the National Institutes of Health, U. S. Public 
Health Service. 


for one hour in flowing steam; (2) modified trypticase 
soy broth’ (T.S.B.) prepared by dissolving 15 g irypti- 
case, 5 g phytone, 0.2 g L(—) cystine, 4 g sodium chlo- 
ride, 1 g sodium citrate, 2.5 g glucose and 52 X 10“ 
CaCl,-2H.O in 1 liter of distilled water, adjusting to 
pH 7.0 and autoclaving at 15 pounds for 15 minutes: 
and (3) the partially chemically defined medium 
(P.C.D.) of Potter and Nelson (1952b) supplemented 
with 48 X 10-* M CaCl.-2H.O for the experiments 
with bacteriophage strain F63 and with 16 x 10- M 
CaCl,.-2H:,O for strain F69. Bacteria on which virus 
was to proliferate in these media were carried through 
well over 20 transfers in the respective media before 
being employed in these studies. 

The one-step growth curves were obtained in the 
following way. Host bacteria were grown at 32 C for 
3.5 to 4.5 hours, depending on the experiment. The 
physiological state and size of inoculum were controlled 
to reproduce closely the cell counts for a given period 
of incubation; these ranged from about 107 to 10% cells 
per ml, depending on the culture and the medium. Five 
ml of a culture then were mixed with 5 ml of homologous 
bacteriophage diluted in similar medium at 32 C to give 
a ratio of virus to cells in the range of about 1:20 to 
1:60. In all cases the adsorption time was 5 minutes. 
The multiplicity of infection, which is the number of 
virus particles adsorbed per bacterium, actually was 
less than the ratios indicate, for in some cases less than 
60 per cent adsorption occurred. Under these conditions 
practically no bacterium was infected by more than one 
virus particle. Following the adsorption period, the 
mixture was diluted 10*-fold in the particular medium 
to prevent further adsorption and reduce the virus 
concentration to a countable number (about 20 to 200 
plaques per plate). After incubation for 30 minutes, ali 
additional 10-fold dilution in the same medium was 
made to prevent readsorption following the burst and 
to retain a countable number of particles. The total time 
of incubation at 32 C following adsorption was 70 min. 
Three ml samples were removed from the mixture 
immediately following the adsorption period (zero time 
and at 5-min intervals throughout the critical portion o! 
the curves and the titer determined without further 
dilution. Cell counts were made at zero and 80 min. 

For studies of burst size by the single infected cel 


3 After a formula suggested by Baltimore Biological Labora- 
tories. 
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method, adsorption mixtures were prepared exactly as 
for the one-step growth curves. Following the 5-min 
adsorption period a mixture was diluted to a point at 
which less than one infected bacterium was present in 
3 ml. Three ml samples of this mixture were dispensed 
into each of a series of test tubes, incubated at 32 C 
for 70 min and placed in an ice bath to keep further 
changes at a minimum during the time required to 

titrate the tubes for virus. 
EXPERIMENTAL RESULTS 71 

One-step Growth Curves 

Calculated values for certain characteristics of repre- 
sentative one-step growth curves in figures 1, 2 and 3 
are presented in table 1. Values for multiplicity of in- 
fection and average burst size taken from the curves do 
not agree quantitatively with corresponding values in 


TaBLE 1. Growth characteristics of bacteriophage evaluated from 
curves in figures 1, 2, and 3 


os MULTI- AVER- 
-TERIOPHAGE PLICITY TEN’ SE AGE 
BACTERIOPHAGE ie sorp- | PEICITY | LATENT RISE AGE 
COMBINATION tion® OF INFEC-| PERIOD | PERIOD Burst] 
TION SIZE 3 
% (min.) (min.) 


F63/1E8-2 Skim milk 86 0.018 | 25-30 | 10-15 55 


(fig. 1) P:C.D. 50 | 0.018 | 35-40 | 5-10} 40 
F69/ML-1 Skim milk 84 0.012 | 35-40 | 5-10] 51 
(fig. 2) Po.D. 55 0.028 | 35-40 | 10-15 30 
F56/712 Skim milk | 96 | 0.025 | 25-30 | 15-20 21 
(fig. 3) fie 98 | 0.019 | 35-40 | 5-10 | 35 


* Per cent adsorption was determined by titrating the virus 
in the supernatant after centrifuging the mixture 10 minutes 
at 3000 rpm in an International centrifuge with a catalogue no. 
813 angle head. 


the table. The corrected values for multiplicity of in- 
fection in the table were obtained by multiplying the 
initial virus count from the curves by the fraction 
adsorbed; the corrected average burst sizes in the table 
were obtained from the curves using the formula sug- 
gested by Delbriick and Luria (1942): 


average burst size 


final virus — initially unadsorbed virus 


initial virus — initially unadsorbed virus 
Initial virus was taken as the zero time titer, final virus 
as the titer at the sharp break in the curve at the end 
of the rise period. 

Figure 1 gives one-step growth curves of bacterio- 
phage strain F63 and the slopes of growth of its host 
culture, E8-2, in both skim milk and the partially 
chemically defined medium (P.C.D.). Figure 1 and 
table 1 show that bacteriophage strain F63 finds its 
host more suitable substrate when grown in skim milk 


than in P.C.D., as judged by a shortened latent period 
and an increased burst size in milk. The shorter latent 
period may perhaps be explained by the greater rate of 
growth of the host bacteria in milk than in P.C.D. This 
correlation appears again in subsequent figures. The 
difference between the rise periods in the two media in 
figure 1 may not be significant, for these rise periods 
differ by but 5 min, the time interval between succes- 
sive virus count determinations. The greater per cent 
adsorption in milk may or may not be influenced di- 
rectly by differences in composition of these two media; 
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Fic. 1. One step growth curves of bacteriophage strain 
F63 grown on its host in skim milk (shaded circles) and P.C.D. 


the host bacteria grow more rapidly in milk than in 
P.C.D. and at the time of adsorption a somewhat 
higher concentration of cells was present in the milk. 

The growth characteristics of strain F69 in skim 
milk and P.C.D. are presented in figure 2. These differ 
only slightly from those of bacteriophage strain F63 in 
the same media. Again a greater burst size occurred in 
skim milk than in P.C.D. The rate of growth of the host 
culture ML-1l was much the same in both media, and 
the latent period of virus growth was identical in these 
media. The rise periods in the two media do not appear 
to differ significantly. The higher per cent adsorption in 
skim milk may be attributable to a slightly higher cell 
count in the adsorption mixture prepared in milk, as 
compared with P.C.D. 

Figure 3 gives the growth characteristics of bacteri- 
ophage strain F56 in skim milk and trypticase soy broth 
(T.S.B.). In skim milk this virus produced a burst size 
slightly less than half that produced by bacteriophage 
strains F63 and F69. The latent period of strain F56 
was shorter in skim milk than in T.S.B. Again an inverse 
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relationship is seen between the latent period of virus 
growth and the slope of bacterial growth in two different 
media. In this case burst size clearly was determined by 
factors other than rate of growth of the host culture, for 
in skim milk where the rate of growth of culture 712 
was greater than in T.S.B. the burst size was appreciably 
smaller. With this virus there does appear to be a shorter 
rise period in T.S.B. than in skim milk, while in both 
media the same per cent adsorption was obtained. 


Burst size Determinations by the Single 
Infected Cell Technic 
In table 2 representative data on burst size of indi- 
vidual infected cells are presented. The values listed 
under heading average are not arithmetic averages of 
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Fic. 2. One step growth curves of bacteriophage strain 
F69 grown on its host in skim milk (shaded circles) and P.C.D. 


the burst sizes appearing in their respective series 
because of the correction which must be made for the 
probability of getting more than one infected bacterium 
per 3 ml sample. In obtaining the average in the table, 
the total number of plaques in each series was divided 
by the number of tubes containing bursts plus the 
probable number of bursts occurring as multiples (Ellis 
and Delbriick, 1939). It is impossible to determine 
which of the observed burst sizes are the results of multi- 
ple bursts and the largest burst size values need not be. 

Table 2 shows that bacteriophage strains F63 and F69 
gave a larger average burst size in skim milk than in 
P.C.D., whereas bacteriophage strain F56 gave a greater 
average burst size in T.S.B. than in skim milk. This is 
in agreement with the findings using the one-step 
growth technic. A considerable variation in sizes of 
individual bursts is seen with each virus in each of the 


media studied. In table 2 these values are arrang:| in 
order of increasing size. Where the greater numbers of 
bursts were obtained, a range of approximately 1(-fold 
is observed. 

Average burst sizes determined for the three viruses 
in the various media by the single infected cell technic 
differ appreciably from corresponding values calculated 
from one-step growth curves. In every instance average 
burst size is greater when determined by the single in- 
fected cell technic. This also was the case in other runs, 
data from which are not presented here. To explain this 
difference certain possibilities were investigated. By 
reducing the calcium level in P.C.D. some infected cells 
are prevented from bursting; this suggested that the 
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Fig. 3. One step growth curves of bacteriophage strain 
F56 grown on its host in skim milk (shaded circles) and T.S.B. 


lower average burst size values obtained from one-step 
growth curves might be explained on this basis. Such 
an explanation apparently does not apply, however, for 
the observed number of bursts in single infected cell 
studies agreed closely with the expected number calcu- 
lated on the basis of all infected cells bursting. Although 
the chance for readsorption in the highly diluted system 
is very small, a burst from one infected cell of a chain 
of this streptococcus probably would simultaneously 
infect adjacent cells. Sufficient incubation time under 
these conditions would result in a second series of bursts. 
To minimize this possibility in the single infected cell 
procedure, the incubation period was shortened to 50 
minutes and plating divided between two workers. 
This, as well as removal of calcium from P.C.D. defi- 
nitely preventing a second growth cycle, failed to reduce 
average burst size. The adsorption mixture is diluted 
approximately 1000-fold further for the single infected 
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cell procedure than in the one-step growth curve technic. 
The possibility of an antiphage material produced by 
the host cells and not completely diluted out of the 
adsorption mixture in the one-step growth technic was 
tested by delaying the additional 1000-fold dilution 
until most of the latent period had elapsed. This equali- 
zation of dilution during the latent period in the two 
procedures did not indicate presence of a toxic material. 
At present the authors cannot offer an explanation for 
the discrepancy in average burst size values by the two 
methods. 


TaBLE 2. Burst size of individual cells of three virus-host 
combinations in different media 


PROB- 
Bie satel BURST SIZE OF AVER- — 
VIRUS/HOS ens INDIVIDUAL CELLS Aon | = 
MUL- 
TIPLES 


F63/E8-2 Skim milk | 23, 25, 26, 40, 50, 50,62, | 88 | 0 
62, 65, 72, 81, 84, 95, 
106, 130, 132, 159, 190, 
210 

48, 60, 62, 74, 76, 91, 98, 58 5 
109, 118, 126 

F69/ML-1 Skim milk | 20, 32, 59, 75, 81, 104, | 129 | 2 
108, 108, 126, 132, 178, 
200, 245, 253, 290, 292 

15, 20, 22, 27, 34, 39, 48, 60 4 
49, 51, 57, 57, 58, 68, 
69, 87, 105, 121, 129, 
134, 136, 180 


PC.D. 








P:C.D. 





Skim milk | 9, 10, 14, 15, 16, 18, 18, 33} 8 
24, 27, 27, 27, 36, 36, 
36, 36, 36, 45, 45, 52, 

, 72, 72, 82, 90, 122, 





F56/712 


50, 60, 62, 81, 128 63 1 


DISCUSSION 


Host bacteria grown in different media differed 
quantitatively in their ability to support proliferation of 
bacteriophage. As Putnam and Kozloff (1948), Cohen 
(1948) and others have shown that some 80 per cent of 
the phosphorus-containing material incorporated into 
the virus particle is assimilated from the medium after 
infection, an effect of medium would be expected. This 
effect does not appear to be explainable by differences 
in the rate of growth of host bacteria in the different 
media. A more logical explanation appears to be that 
the virus-host complex assimilates from the medium 
some factor(s) more important for virus production than 
for normal cell growth. 

In different media average burst sizes of the three 
Virus strains varied as much as two-fold, indicating 
limited value of this characteristic for differentiation 
except when determined under very carefully controlled 


conditions. In general the growth characteristics of the 
three strains were very similar, although the strains 
were selected for diversity. Growth characteristics of 
these strains, furthermore, closely resembled those of 
the lactic streptococcus bacteriophage strain studied by 
Cherry and Watson (1949). These similarities do not 
preclude the possible existence of strains of this bacteri- 
ophage possessing somewhat different characteristics. 

The consistently lower average burst size calculated 
from one-step growth curves than obtained by the 
single infected cell technic has not been explained. As 
pointed out by Adams (1952), burst size is a character- 
istic extremely dependent upon cultural conditions of 
the host; in these systems slightly different conditions 
are imposed by the two methods. In addition, the 
rapid rate of virus increase suggested by single cell 
burst sizes is not realized in long-time proliferation 
studies. In this case the difference possibly may be ex- 
plained by pH (Overcast et al., 1951) and other changes 
in the undiluted medium. From the standpoint of in- 
vestigation of factors influencing burst size, the authors 
have had success with both one-step growth curve and 
single infected cell methods. 

Determination of burst sizes of individual infected 
cells of lactic streptococci has been questioned by some 
workers on the basis that these organisms grow in chains 
and infection of one cell might result in lysis of adjacent 
cells in a chain during one cycle of virus growth. 
Microscopic observation in these laboratories has re- 
vealed this not to be the case. Variation in the sizes of 
bursts from individual infected cells corresponds to 
that observed by other workers studying different virus- 
host systems. As has been reported in these cases, such 
variation is believed due to physiological differences of 
individual cells of the cultures, rather than to variation 
in size of the cells. 


SUMMARY 


The growth characteristics of three strains of lactic 
streptococcus bacteriophage each propagated on their 
host bacteria in two media have been studied by one-step 
growth curve and single infected cell technics. Latent 
periods ranged from 25 to 40 minutes, depending on 
virus strain and medium. Average burst size ranged from 
21 to 129, depending on virus strain, medium and 
method of determination. Latent period appears to be 
inversely related to rate of growth of host bacteria in 
the different media, whereas burst size appears depend- 
ent upon physiological differences of the cells other than 
growth rate. Average burst size determinations con- 
sistently have been greater when obtained by the single 
infected cell technic, as compared with calculation from 
one-step growth curves. Variation in burst size of indi- 
vidual infected cells is in the range observed with other 
virus-host systems. 
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Within the past few years, interest in the correlation 
of chemical structure with antimicrobial activity has 
grown steadily. Admittedly, our knowledge of the 
mechanisms of chemotherapeutic activity and the spe- 
cific role of active functional groups in toxic molecules 
is in a rudimentary and empirical stage; but a large 
number of systematic structure-activity studies have 
been made and are serving to elucidate the fundamental 
facts needed for the prediction of activity. The work of 
Weaver and Whaley (1946), who surveyed a large num- 
ber of compounds for antifungal activity and were able 
to draw some general conclusions regarding the con- 
tribution of certain functional groups, is one of the more 
outstanding efforts. Many other investigations, too 
numerous to cite, have added to our knowledge of this 
field. 

The structure-activity study presented herein was 
conceived with the aim of combining the antibacterial 
activity of the quaternary ammonium compounds with 
the antifungal properties of the fatty acids. As might be 
expected, the simple admixture of a quaternary am- 

1 Present address: Industrial Test Laboratory, Philadelphia 
Naval Shipyard, Naval Base, Philadelphia 12, Pa. 

2 Present Address: c/o Dept. of Pharmacology, Columbia 
University, New York, New York. 

3 Present Address: 1227 W. Venango Street, Philadelphia 
40, Pa. 


monium compound with a fatty acid resulted in a de 
crease of the activity of the quaternary; therefore, 
efforts were directed toward synthesizing a molecule in 
which the fatty acid moiety would be in the cationic 
portion of the structure. Certain representative com- 
pounds were mde in which the amino group of w-amino 
derivatives «1 aliphatic acids was quaternized, and 
these were tested for antibacterial and antifungal ac- 
tivity. The syntheses will be reported by Swain, Braun 
and Naegle, elsewhere. 


YXPERIMENTAL METHODS 


All bactericidal and fungicidal tests were conducted 
at 37 C. For the determination of bactericidal activity 
(Be), the phenol coefficient technique (Ruehle & Brewer, 
1931) was used with Micrococcus pyogenes var. aureus 
209 as the test organism; however, phenol dilutions 
were not run since a different method of calculating ac- 
tivity was employed. Nutrient broth containing 1 per 
cent Difco peptone, 0.5 per cent Difco beef extract, and 
0.5 per cent NaCl (pH 7.0) was used, and all tests were 
incubated for 5 days at 37 C before final observations 
were made. Frequently, random negative tubes were 
reinoculated with one loopful of a 24-hour WW. pyogenes 
var. aureus 209 culture and subsequently incubated in 
order to check for possible bacteriostasis caused by 

















traces 
case W 
Fun 
simile 
cent | 
56-5. 
stock 
test 0! 
were 
the in 
a 14-¢ 
the gr 
ing tl 
filtrat 
photo 
after 7 
(66) 1 
The 
mer « 
ostati 
All te 
readit 
Fur 
agar 
offieig 
Klig: 
after . 
(66) i 
Ra’ 
activ] 
tivity 
poun 
the r 
end p 
the se 
test. 
five 1 
killin: 
to be 
simp! 
avera 
cultie 
with 
efficic 
quan 
Th 


porte 


“ 


minu 





| the 
b. 


bac- 


195] 


CCUS 


cium 
“eB 


tech- 


cium 
OT. 


fined 
in of 


yhage 
*h.D. 


a de 
fore; 
ile in 
ionic 
com- 
mino 

and 
1 ae- 
yraun 


icted 
ivity 
ewer, 
wreus 
tions 
ie ac- 
1 per 
, and 
, were 
tions 
were 
genes 
ed in 
d by 














NEW SERIES OF QUATERNARY AMMONIUM COMPOUNDS 143 


traces of germicide brought over during the test; in no 
ease Was any bacteriostatic effect noted. 

Fungicidal activity (Fc) was determined by a method 
similar to the above (Weidman eé al, 1945), with 1 per 
cent Difco neo-peptone and 2 per cent dextrose (pH 
5.6-5.8) as the subculture medium and Candida albicans 
(stock strain) and Trichophyton mentagrophytes 666 as 
test organisms. Undiluted 5-day cultures of C. albicans 
were used as inocula. In tests against 7’. mentagrophytes, 
the inoculum was prepared by scraping the growth from 
a 14-day Sabouraud slant of the organism, suspending 
the growth in distilled water, shaking vigorously, filter- 
ing the suspension through cotton and adjusting the 
filtrate to a reading of 50 + 10 on the Klett-Summerson 
photoelectric colorimeter. Final observations were made 
after 7 days’ (C.. albicans) or 17 days’ (7. mentagrophytes 
(66) incubation at room temperature. 

The Kolmer-Boerner serial dilution technic (Kol- 
mer & Boerner, 1938) was employed in the bacteri- 
ostatic (Bs) tests against 17. pyogenes var. aureus 209. 
All tests were incubated at 37 C for 5 days before final 
readings were made. 

Fungistatic properties (F's) were determined using an 
agar diffusion technic fundamentally similar to the 
official penicillin cup plate test and applicable to fungi 
Kligman and Rosensweig, 1948). Readings were made 
after 5 days’ (C. albicans) or 12 days’ (7. mentagrophytes 
(66) incubation at room temperature. 

Rather than present “‘critical killing dilutions’’*, the 
activities of the compounds were compared to the ac- 
tivity of a well-known quaternary ammonium com- 
pound, cetyl dimethyl benzyl ammonium chloride, and 
the results reported as ‘‘quat. coefficients.” Since the 
end points in most of the tests varied from day to day, 
the selection of a standard killing time varied with the 
test. In most cases, killing in ten minutes, but not in 
five minutes, was used, but infrequently, a dilution 
killing in fifteen minutes, but not in ten minutes, had 
to be employed. The calculation of the coefficient was a 
simple ratio (table 1). The coefficients presented are 
averages of replicate tests. Because of the usual diffi- 
culties in testing quaternary ammonium compounds 
with the Circular 198 technic, it is felt that the co- 
eficients thus calculated should be considered semi- 
quantitive values. 

The general formula and names of the compounds re- 
ported in this study are: 

R (CHe).—-Z 
\ 
Nt } 
CH; ‘CH; 
nh = 1, 2, 5, 7 or 10 


‘The dilution which kills in ten minutes, but not in five 
minutes. 


R = octyl, decyl, lauryl (dodecyl), myristyl (tetra- 
decyl) or cetyl (hexadecy]) 


Z = COO-, COOH, COOCH;, CONH:, or CN 
A = Brorl 


Derivatives of glycine: 

Octyl (carboxymethyl) dimethylammonium bro- 
mide 

Decyl (carboxymethyl) dimethylammonium bro- 
mide 

Lauryl (carboxymethyl) dimethylammonium bro- 
mide 

Myristyl 
bromide 

Cetyl (carboxymethyl) dimethylammonium bro- 
mide 

Cetyldimethylbetaine 


(carboxymethyl) dimethylammonium 


Derivatives of 3-aminopropanoic acid: 
Cetyl (2-cyanoethyl) dimethylammonium bromide 
Derivatives of G-aminohexanoic acid: 


Lauryl (5-carboxypentyl) dimethylammonium io- 
dide 

Myristyl (5-carboxypentyl) dimethylammonium 
iodide 

Cetyl (5-carboxypentyl) dimethylammonium io- 
dide 

Cetyl] (5-carbomethoxypenty1) dimethylammonium 
bromide 

Cetyl (5-carbamylpentyl) dimethylammonium bro- 
mide 


Derivatives of 8-aminooctanoic acid 
Cetyl (7-carboxyheptyl) dimethylammonium bro- 
mide 
Cetyl (7-carbomethoxyhepty!) dimethylammonium 
bromide 


Derivatives of 11-aminohendecanoic acid: 


Decy] (10-carboxydecyl) dimethylammonium bro- 
mide 
Cetyl (10-carboxydecyl) dimethylammonium bro- 
mide 
RESULTS 
The results of all tests are summarized in table 1. 
In general, the antibacterial data show that the bacteri- 
cidal and bacteriostatic activities of the compounds 
having a free carboxyl group increase with the length 
of the lipophilic alkyl chain. Among the cetyl deriva- 
tives, lengthening of the acid chain results in an increase 
in bactericidal activity, although the hexanoic and 
octanoic acid compounds are not very different. This 
pattern does not occur in the bacteriostatic range, 
since all cetyl compounds having a free carboxyl group 
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TABLE 1. The activities of certain quaternary ammonium compounds expressed as ‘‘quaternary coefficients” 


Quat. coefficient = 


Be 
COEF. 
N,N-dimethylglycine derivatives 
ee Se EET ee <0.1 
N-decyl-bromide.................. Se hers <0.1 
N-lauryl-bromide................ argent sla <0.1 
PI-MAUIGUVIAMODNGC.............. 00000000000 <0.1 
N-cetyl-bromide (free acid)....... Pe nists <0.1 
ee <0.1 
3-dimethylaminopropanoic acid derivatives 
N-cetyl(nitrile)-bromide........... hae 0.3 
6-Dimethylaminohexanoic acid derivatives 
0 PS Sea a ee eer <0.1 
N-myriptylodide. ...............-00000: s 0.1 
N-cetyl-iodide (free acid)........ a eye 0.4 
N-cetyl-bromide (ester).......... 1.5 
N-cetyl-bromide (amide).................. 1.5 
8-dimethylaminoctanoic acid derivatives 
N-cetyl-bromide (free acid)................ 0.4 
N-cetyl-bromide (ester).............. ee in 
11-dimethylaminohendecanoic acid deriva- 
tives 
OO SNS ee eer 0.2 
BL Se er er ey are 1.3 


Effective dilution of new quat. 


Effective dilution of cetyldimethylbenzylammonium chloride 


Fe COEF. Fs COEF. 
Bs ’ ——t a soa 
ee. Candida Trichophyton | Candida Trichophyton 
albicans mentagrophytes albicans mentagy i phyles 
<0.1 <0.1 <0.1 ° 
<0.1 <0.1 <0.1 . 
<0.1 <0.1 <0.1 8 Re 
0.2 <0.1 <0.1 ryt 2.1 
0.5 0.3 <0.1 1.0 2.1 
0.2 0.2 <0.1 1.0 1.9 
0.3 <0.1 0.3 0.9 1.0 
<0.1 <0.1 <0.1 14 1.0 
0.1 0.1 <0.1 3 1.5 
0.3 0.2 <0.1 1.1 1.4 
1.3 0.7 1.3 1.0 1.2 
1.0 0.2 0.7 Ife | 1.2 
0.5 0.2 0.3 1.0 1.2 
0.5 0.1 0.5 0.9 1.2 
<0.1 <0.1  <O.1 1.4 1.7 
0.5 <0.1 0.3 4 1.0 


B, coef. = bactericidal coefficient; B, coef. = bacteriostatic coefficient; F, coef. = fungicidal coefficient; F, coef. = Fungistatic 


coefficient; * = No zone of inhibition at one per cent concentration. 


are of approximately equal effectiveness. In most cases, 
the cetyl ester and amide derivatives are more active 
than the corresponding cetyl free acid compounds in the 
antibacterial tests. 

The structure-activity pattern in the antifungal tests 
varies with the test organism used. Among the com- 
pounds having a free carboxyl group, an increase in 
fungicidal activity with a lengthening of the lipophilic 
alkyl chain is found in two of the three series tested 
against C’. albicans. This trend is not too apparent from 
the data obtained against 7’. mentagrophytes. Compari- 
son of the fungicidal activities of the ester and amide 
derivatives to the free carboxyl compounds also reveals 
variable findings depending on the species used. The 
fungistatic coefficients of most of the derivatives are 
high, but an evaluation of the structure-activity rela- 
tionship is difficult. Since an agar diffusion technic was 
used, it is felt that solubility, diffusion and agar com- 
patibilities may have contributed to the findings. 


DISCUSSION 


No structure-activity study is complete without some 
attempt at an explanation of the findings; however, in 
this investigation, insufficient data are available for 


final conclusions. Lack of basic knowledge of the bacteri- 
ostatic and antifungal modes of action of quaternaries, 
as well as of the nature of the surfaces of fungal spores 
and yeast cells, renders explanation of most of the data 
impossible. Therefore, the following discussion pertains 
only to the bactericidal findings reported above. 

The lack of activity manifested by the glycine deriva- 
tives and the increase of activity as the acid chain 
lengthens may be due, in part, to the differences in 
ionization of the carboxyl group. In the glycine com- 
pounds, the distance between the hydrogen of the 
carboxyl group and the positive charge on the nitrogen 
atom is short enough for the latter to exert an effect on 
ionization. This produces a large number of particles 
having both positive (nitrogen) and negative (COO") 
charges. Such particles are simultaneously repulsed and 
attracted by the negatively charged sites of the bacterial 
surface; they are much less effective than ones which 
are only positively charged and not subject to repulsion. 

In all the remaining compounds it is probable that 


ionization of the acid chain will occur to a smaller 


extent. 
Although ionization may contribute to the patter! 
of bactericidal activities found in the above compounds, 
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it is probable that this is not the complete explanation. 
For example, the lipophilic properties of the compounds 
will be altered with increases in the length of the acid 
chain. Also, the nature of colloidal electrolytes, namely, 
the existence of radically different types of particles at 
different concentrations, complicates the matter. Be- 
cause of the high killing dilutions of many of the above 
derivatives, the predominating particle is the quater- 
nary ammonium ion (Ralston, 1946). However, it may 
be that the new compounds possess unusual colloidal 
properties, such as radically different critical concen- 
trations. 

Although it has been reported that the nature of the 
anion affects the bactericidal activity of quaternary 
ammonium compounds (Glassman, 1948), it is felt that 
this is not sufficient to account for the observed differ- 
ences. 


ACKNOWLEDGMENTS 


Sincere appreciation is extended to Drs. A. P. Swain, 
C. K. Cain and C. F. Kade, Jr. for their helpful com- 
ments and suggestions. 


SUMMARY 


A series of quaternary ammonium derivatives of 
w-amino acids were tested for antibacterial and anti- 
fungal activities. 


An attempt is made to correlate the antimicrobial ac- 
tivities of the compounds with their chemical structure. 
The degree of ionization and the lipophilic and colloidal 
properties are discussed as factors affecting activity. 

Certain of the compounds are shown to be superior 
to cetyldimethylbenzylammonium chloride as anti- 
microbial agents. 


REFERENCES 


GiassMAN, H. N. 1948 Surface active agents and their ap- 
plication in bacteriology. Bacteriol. Rev., 12, 116. 

KiiemMan, A. M., AND RosensweiG, W. 1948 Asimple quanti- 
tative method for the laboratory assay of fungicides. J. 
Invest. Dermatol., 10, 51-58. 

Ko.tMER, J.. AND BoEeRNER, F. 1938 Approved laboratory 
technic, 2nd ed. D. Appleton-Century Co., New York, 
N. Y. p. 519-520. 

Rauston, A. W. 1946 The structure and properties of solu- 
tions of colloidal electrolytes. Ann. N. Y. Acad. Sci., 46, 
351-368. 

RvuEHLE, G. L. A., AND BREWER, C. M. 1931 United States 
Food and Drug Administration methods of testing anti- 
septics and disinfectants. U.S. Dep. Agr. Cire. 198, 20 pp. 

WEAVER, W. E., anpD WHALEY, W.M. 1946 Chemical studies 
on fungicides: Part I. Correlation of structure with fungi- 
cidity. Report No. P-2877, Chemistry Division, Protec- 
tive Coating Section, ONR, Navy Dept., 15 pp. 

WErpMaAN, F. D., Emmons, C. W., Hopkins, J. C., aNp Lewis, 
G. M. 1945 The war and dermatophytosis, with special 
reference to treatment and fungicide testing. J. Am. Med. 
Assoc., 128, 805-811. 





The Antimicrobial Action of Certain Glycerol 


Ethers and Related Compounds 


F. M. Bercer, C. 


V. Hupparp, Anp B. J. Lupwia 


Wallace Laboratories, Inc., New Brunswick, N. J. 


Received for publication February 9, 1953 


After it had been shown that the phenyl ether of 
ethylene glycol possessed antibacterial properties 
against Pseudomonas aeruginosa (Berry, 1944) the anti- 
microbial and pharmacological activities of a number of 
related compounds were evaluated. Two of the com- 
pounds investigated in this connection have found 
clinical usefulness. These are mephenesin,3-0-toloxy-1 ,2- 
propanediol, widely used as a muscle relaxant (Berger 
and Bradley, 1946) and chlorophenesin, 3-p-chloro- 
phenoxy-1,2-propanediol, used in the treatment of 
fungus infections of the skin (Hartley, 1947). 

The object of the investigation reported here was to 
study the antibacterial and antifungal action, the 
toxicity and other biological properties of some simple 
methylated and chlorinated phenyl ethers of glycerol, 
propylene glycol and trimethylene glycol and to at- 
tempt to relate these properties with the chemical 
structure and physical properties of the compounds. 
This study has brought to light several compounds 
with substantially higher antibacterial and antifungal 
action than chlorophenesin. 


METHODS 


The glycerol, propylene glycol and trimethylene 
glycol ethers used in this study were prepared by 
alkaline condensation of the appropriate phenolic com- 
pound with glycerol-a-monochlorohydrin, propylene 
chlorohydrin and trimethylene chlorohydrin respec- 
tively. The preparation and physical properties of the 
newer members of this series have been recently de- 
seribed! (Ludwig, et al, 1952). 

The following microorganisms were used for the de- 
termination of bacteriostatic and fungistatic concen- 
trations: Escherichia coli, Pseudomonas aeruginosa, 
Staphylococcus aureus (Micrococcus pyogenes var. 
aureus), Streptococcus pyogenes, and Bacillus subtilis, 
Trichophyton mentagrophytes, Trichophyton rubrum, Mi- 
crosporum audouini, Microsporum gypseum, and Candida 
albicans. 

Compounds were tested against F. coli, S. aureus, and 
P. aeruginosa in nutrient broth, pH 7.0; and against 
S. pyogenes and B. subtilis in Bacto brain heart infusion 
broth, pH 7.0; and against fungi in broth containing 1 


1 We are indebted to Dow Chemical Co. for generous samples 
of Dowanol 41B, 78B, and 79B. 
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per cent neopeptone, 2 per cent dextrose with pll ad- 
justed to 5.7. 

A tube dilution method was used to determine in- 
hibitory concentrations. Since most of the compounds 
were only slightly soluble in water, 1 per cent stock 
solutions were prepared by dissofving the test com- 
pound in the smallest possible amount of ethanol and 
diluting to volume with water. These stock solutions 
were further diluted in the test medium to give a final 
volume of 10 ml per tube. The tubes were sterilized at 
121 C for 10 minutes, cooled, and inoculated with the 
test organism using 0.1 ml of an 18- to 24-hour culture of 
the bacteria in brain heart infusion broth as inoculum. 
C. albicans was grown for 18 to 20 hours in broth, then 
diluted to contain approximately 10 X 10° organisms 
per ml by direct microscopic count, and 0.1 ml used to 
inoculate each tube. Fungi were grown for 14 days 
on Sabouraud dextrose agar with 0.5 per cent yeast 
extract. Spore suspensions in sterile saline were diluted, 
after direct microscope counts had been made, to con- 
tain approximately 10 X 10° spores per ml. The stand- 
ard inoculum was 0.1 ml of the diluted spore suspension. 

The bacteriostatic dilution was taken as the highest 
dilution which completely inhibited visible growth of 
the test organisms in duplicate tubes for 3 days at 37 C. 
The fungistatic dilution was taken as the highest dilu- 
tion which completely inhibited visible growth of the 
test fungi for 14 days at 30 C. 

The irritation and sensitization action of the ethers 
was tested by direct application of test patches to the 
skin of at least ten subjects. The compounds were in- 
corporated into petrolatum in concentrations of 2 and 5 
per cent, and applied to the test patch. The patches 
were permitted to remain in contact with the skin for 
48 hours and the area observed immediately after re- 
moval of the patch and again after an additional 2+ 
hours. To evaluate the sensitizing action the same 
compounds were again applied in a similar manner to 
the same subjects and over the same areas of skin after 
an interval of two weeks. 

The pharmacological action and toxicity of the com- 
pounds was determined in mice using freshly prepared 
suspensions of the ethers in 5 per cent aqueous gum 
acacia solution. The use of suspensions was necessitated 
by the low water solubility of most of the compounds 
(less than 0.1 per cent). 
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RESULTS with a single substitutent on the benzene nucleus were 
as a rule weaker fungistats than corresponding com- 
pounds with two or three nuclear substituents. Thus 
compounds 2, 5, and 7 with a single nuclear substituent 
were inferior to compounds 12, 14, and 16 possessing 


The compounds surveyed were substituted aromatic 
ethers of glycerol, propylene glycol and trimethylene 
glycol. Table 1 summarizes the activity of the com- 
pounds. The results obtained with each variation of 


TABLE 1. The antimicrobial action of substituted phenolic ethers of glycerol, propylene glycol, and trimethylene glycol 








ion 
P es. 
| | DILUTION DILUTION DILUTION INHIBITING 
ud- COMPOUND NUMBER \ wl SIDE CHAIN FUNGISTATIC DILUTION INHIBITING INHIBITING GRAM POSITIVE 
sy o Candida albicans | Escherichia coli ORGANISMS 
in- rs? 
ds . - $$ |—__ ——| _ —_—— — 
ek 1 2-methyl x 1:1000 — 1:500 — 
nn 2 P 1:1000-1:2500 _ | 131000 1:500-1:1000 
- 3 T 1:2500-1 : 5000 1:1000 1:1000 1:1000 
ms 4 2-chloro G | 1:1000 _ 1:750 1:1000 
ial 5 ig 1:2500-1:5000 | 1:1000 1:1000 1: 1000 
at | | 
“ih 6 4-chloro + | 1:1000 | 1:00 | — 
a 7 | 25 1:3000-1: 4000 | 1:1000 1:500 1:500-1: 1000 
8 T 1:5000-1:7500 | 1:1000 | 1:1000 | 1:1000 
m. | | | 
ell 9 2,6-dichloro | G | 1:1000 | — | 1:500 | 1:500-1:1000 
ms 10 | ?P | 1:5000 | 1:1000 | 1:1000 | 1:1000 
to | 
a 11 2,4-dichloro x 1:1000-1: 2500 1:1000 1:2500 1:1000—1 : 2500 
: ; 12 P 1:10,000 | 132500 1:2500 1:2500 
AS | 
ed, 13 4-chloro-2-methy] | G 1:1000 | — 1:1000 11000 
yn- 14 P 1:10,000 ;  1:1000 1:2500 1:2500-1:5000 
id- 
on 15 4-chloro-3-methy] G 1:2500-1:5000 1:1000 1:1000 1:1000 
; 16 P 1:10,000 1:3000 1:2500 1:1000-1:5000 
es 
of 17 6-chloro-2-methy] 3 1:1000 1:500 | 12500 1:500 
C. 18 P 1:2500 1:1000 1:1000 1:1000 
ae 19 T 1:1000-1:5000 1:1000 =| ~—-1:1000 1:1000 
the ; | | 
; 20 4-chloro-2,6-dimethyl G 1:2500 1:1000 1:1000 1:1000 
21 E 1:15,000 1:2500 1:2500 1:2500-1 : 5000 
ers 22 fy | 1:15,000 1:2500 1:2500 1:2500-1:10,000 
the | 
in- 23 4-chloro-3,5-dimethyl G 1:5000-1: 10,000 1:1000 1:2500 | 1:2500-1:7500 
d5 24 r 1:15,000-1:30,000 1:5000 | 1:2500 1:5000-1:10,000 
“ 25 gy 1:40,000 1:10,000 | 1:5000 | 1:7500-1:10,000 
1es8 
for 26 2,6-dichloro-4-methyl i 1:5000 1:1000 1:1000 1:1000 
re- 27 Pr 1:10,000-1:15,000 1:2500 | 1:2500 1: 2500-1: 5000 
94 28 T 1:20,000 1:5000 1:2500 1:2500-1 : 5000 
wad G = glycerol ether; P = propylene glycol ether; T = trimethylene glycol ether. 
' tO 
iter & substituents on the benzene ring joined to the three two nuclear substituents. These latter compounds were 
different hydroxylated side chains are grouped together. again less active than compounds 21, 24, and 27 which 
om- otide : ile sas . 
To shorten the table only the highest and lowest had ‘theese substituents on the nucleus. 
uM hacteriostatic and fungistatic dilutions are given. z : : ; 
“um The relative effectiveness of chlorine atoms and 
ted Fungistatic Action methyl groups in the phenolic ring was of interest, in 
nds All of the compounds examined possessed fungistatic view of the effect these substituents have on the anti- 
action in dilutions of 1 in 1,000 or higher. Compounds microbial activity of phenol. There were only slight 
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differences in activity among the various mono-sub- 
stituted derivatives tested. 

The position of the substituent on the nucleus was 
also of some importance. With a single substituent there 
was little difference between the ortho and para isomers. 
When two substituents were present, however, com- 
pounds that had one substituent in the para position 
were superior to compounds having both substituents 
adjacent to the oxygen. Thus compounds 12, 14, and 16 
with substituents in the 2,4, or 3,4 positions were more 
effective than compounds having the same substituents 
in the 2,6 positions (compounds 10 and 18). Trisub- 
stituted compounds in which the substituents were as 
distant as possible from the ether linkage (compounds 
23, 24, 25) were more effective than the corresponding 
compounds in which some of the same groups were 
adjacent to the ether linkage (compounds 20, 21, 22, and 
26, 27, 28). 

The effect of the number and position of added methy] 
groups on a chloropheny! ether is demonstrated by the 
increase in activity of the several methylated derivatives 
of compound 7, namely compounds 14, 16, 21, and 24. 
The ethers of 4-chloro-3 ,5-dimethylphenol are the most 
effective of those studied. 

Comparison of compounds with different hydroxyl- 
ated side chains but with the same nuclear substituents 
indicated that the propylene glycol and trimethylene 
glycol ethers were always more effective than the cor- 
responding glycerol ethers. In many instances the tri- 
methylene glycol ethers were somewhat more effective 
than the corresponding propylene glycol ethers. 


Action on C. albicans 


Most of the compounds tested inhibited growth of C. 
albicans. All were, however, less effective in inhibiting 
the growth of this yeast than they were in inhibiting 
growth of other pathogenic fungi. The efficacy of the 
compounds was again related to the position of the 
nuclear substituent. The propylene glycol and _ tri- 
methylene glycol ethers were again superior to the 
glycerol ethers in their toxic action on C. albicans. 


Antibacterial Action 


All of the compounds tested possessed some anti- 
bacterial action against both gram- positive and gram- 
negative bacteria. Most of the compounds examined 
had, however, weaker bacteriostatic than fungistatic 
properties. The less resistant organisms such as strepto- 
cocci were inhibited in higher dilutions than the more 
resistant such as staphylococci. Pseudomonas was the 
most resistant organism tested and was not inhibited 
by most compounds in concentrations of 1 in 500. The 
relation between activity, nuclear substitution and na- 
ture of side chain was similar to that described earlier 
under fungistatic action. 


Irritant and sensitizing properties 


The irritant and sensitizing properties of the 9 most 
active compounds (Nos. 20 to 28) have been examined, 
Zach of the three trimethylene glycol ethers tested 
(Nos. 22, 25, and 28) produced irritation in about one- 
half of the subjects to whom it was applied. The 
propylene glycol ethers and the glycerol ethers did not 
cause irritation in any of the subjects. None of the com- 
pounds tested produced sensitization. 


Pharmacological Properties and Toxicity 


All of the compounds produced reversible paralysis 
when injected into mice in suitable dosage. After intra- 
peritoneal administration of the compounds in doses of 
200 to 300 mg per kg, the animals lost the righting 
reflex and were unable to move. Respiration and circu- 
lation were well maintained during paralysis. The ani- 
mals recovered spontaneously and did not show any 
immediate or late ill effects. Neuromuscular conduction 
during paralysis was unchanged. Paralysis was due to 
depression of the central nervous system and was similar 
to that obtained after administration of mephenesin 
(Berger, 1949). Most of the compounds were relatively 
nontoxic, the LDs5o after intraperitoneal administration 
being about 500 mg per kg. 


DISCUSSION 


Methylated and chlorinated phenolic ethers of glyc- 
erol, propylene glycol and trimethylene glycol have a 
rather nonspecific activity against a number of different 
microorganisms. In this respect they are very similar to 
the phenols from which they are derived. The attach- 
ment of the hydroxylated side chain through the 
phenolic oxygen modifies certain important physical 
and biological properties of the phenols. The ethers are 
devoid of the characteristic odor and the corrosive 
properties of their phenolic parent compounds. Both 
groups of compounds in large doses exert an action on 
the central nervous system. With phenols this action 
manifests itself in animals by muscular weakness ac- 
companied by tremors or mild convulsions. Death is 
often delayed and due to respiratory and circulatory 
collapse. The ethers on the other hand produce transient 
muscular paralysis which with most compounds is short 
in duration and followed by complete recovery. This 
train of events is probably due to the rapid inactivation 
of the ethers in the body in a manner similar to that 
occurring with mephenesin (Riley and Berger, 1949). It 
appears likely that the ether linkage is not broken down 
in the body with the liberation of the more toxic free 
phenols. The ethers are probably inactivated by oxida- 
tion of the alcoholic hydroxy groups of the side chain. 

It has been known for a long time that the anti- 
bacterial and antifungal action of phenols can be in- 
creased by the introduction of suitable nuclear sub- 
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stituents (von Oettingen, 1949). The present paper 
shows that the antimicrobial properties of phenolic 
ethers behave similarly. The trimethylene glycol ethers 
are nearest in their antimicrobial action to free phenols 
but possess some of the irritant properties, of the parent 
phenols. The propylene glycol ethers are only slightly 
less effective antimicrobial agents than the free phenols 
or their trimethylene glycol ether derivatives and ap- 
pear to lack irritant and sensitizing properties. The 
glycerol ethers are also non-irritant but possess the 
weakest antimicrobial action, 

Berry in 1944 drew attention to the unusual bacteri- 
ostatic properties of the phenyl ether of ethylene glycol 
against P. aeruginosa. Roushdi and Ibrahim (1950) 
showed that the phenyl! ether of glycerol and certain 
other simple glycerol ethers were less active against P. 
aeruginosa than the corresponding ethylene glycol de- 
rivatives. The results reported in this paper confirm 
Roushdi and Ibrahim’s findings and show in addition 
that various aryl ethers of propylene glycol and tri- 
methylene glycol do not possess strong bacteriostatic 
action against P. aeruginosa. 

One compound described in this paper, chloro- 
phenesin, 3-p-chlorophenoxy-1 ,2-propanediol, has been 
recommended as an antibacterial and antifungal agent 
of pharmaceutical interest (Hartley, 1947). It is widely 
sold as a fungicidal agent under the trade name of 
Mycil, (British Drug Houses, Ltd.) in Great Britain and 
the British Commonwealth. Many compounds included 
in this study possess considerably greater antifungal 
activity than chlorophenesin. Clinical trials of some of 
these compounds are now in progress and preliminary 
results appear to bear out the in vitro findings. 

The chemotherapeutic action of some of the more 
potent compounds has also been examined in mice 
infected with certain pathogenic bacteria, fungi and 
with C. albicans. All compounds examined were devoid 
of curative action in infected animals. 

Most of the compounds described are stable, chemi- 
cally inert and relatively nontoxic. These properties 
suggest that the phenolic ethers may be of value as 
preservatives for pharmaceuticals and other products, 
especially in those preparations where low water solu- 
bility of the preservative would not be disadvantageous. 


SUMMARY 


The activity of a number of chloro- and methyl- sub- 
stituted aryl ethers of glycerol, propylene glycol and 
trimethylene glycol on bacteria, fungi and yeast has 
been investigated. 

In general all compounds examined possessed greater 
fungistatic than bacteriostatic activity. 

The antimicrobial activity increased with the number 
of substituents on the nucleus and to a certain extent 
was a function of the position of substitution. The 
methyl group and chlorine atom were approximately 
equivalent in their effect, and maximum activity was 
obtained with the 4-chloro-3 ,5-dimethylphenoxy ethers. 

Trimethylene glycol ethers were the strongest anti- 
microbial agents but produced irritation when applied 
to the skin. The propylene glycol ethers combined con- 
siderable antifungal activity with lack of irritant 
properties. 

Etherification of substituted phenols with propylene 
glycol or glycerol offers a way of producing stable, non- 
reactive and non-toxic compounds of potential value as 
fungicides and preservatives for pharmaceutical and 
other products. 
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The universal acceptance of the animal growth-pro- 
moting properties of some antibiotics and their wide 
usage in formulated commercial feeds requires that 
simple, rapid and reliable analytical methods be avail- 
able for control purposes. Of the several antibiotics used 
in poultry rations, penicillin exerts its growth-promoting 
properties at levels considerably lower than other anti- 
biotics (2 grams penicillin per ton), and thus, the 
analytical problems are accentuated. For penicillin- 
containing feeds, two problems are presented (a) a 
method of preparing stable extract from feed samples 
and (b) a method of measuring quantitatively the small 
amount of penicillin in the extract. 

From the voluminous information available on the 
properties of penicillin, it is well known that the anti- 
biotic is incompatible with many solvents. In this re- 
port, only two salts of penicillin are considered, procaine 
and dibenzyl ethylene diamine (DBED), since these are 
the only forms currently employed in commercial feeds. 


EXPERIMENTAL 


Assay. Micrococcus pyogenes var. aureus ATCC 9144 
was employed as the test organism in a disc-plate assay 
and maintained on nutrient agar described in table 1. 
Daily inoculum was prepared by transferring the organ- 
ism to broth of the same composition and incubating 
at 37 C. for 18 hours. To increase the sensitivity of the 
test organism to as little as 0.05 units of penicillin per 
ml, a single layer of assay medium was used in the plate. 

Fifty ml of assay agar, described in table 1 was 
melted and cooled to 45 to 48 C. and seeded with 0.5 
ml of the above described inoculum. It is extremely 
important that the plate be prepared on a level surface 
as variations in the thickness of the agar affect the 
sensitivity of the test and thus reproducibility of the 
zone sizes. An agar depth of 1.3 mm has been found most 
satisfactory. Flat pyrex glass plates, 12” x 614” with 
34” pyrex strips cemented to sides and ends of plate 
were used in place of the conventional Petri dishes. 
Filter paper discs 14” diameter (No. 740E, Schleicher 
and Schuell, Keene, N. H.) served as reservoirs for the 
antibiotic. Zones of inhibition were measured by vernier 
‘alipers, millimeter rule or by projection of the zones 
against a calibrated screen. 

Extraction. Twenty-gram samples of feed containing 
penicillin were mixed with 150 ml of the extracting 
agent and allowed to stand one hour with frequent 
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agitation. The mixture was diluted with 1 per cent 
phosphate buffer, pH 6.6, to contain approximately 
0.075 units/ml. For feeds containing 2 grams penicillin 
ton, it was convenient to conduct the extraction and 
subsequent dilutions in liter volumetric flasks. 

A 1 unit/ml stock solution of penicillin G sodium was 
prepared in phosphate buffer, pH 6.6. The standard 
curve was prepared by further diluting this standard 
so that solutions containing 0.05, 0.06, 0.07, 0.09, 0.10 
and 0.12 units/ml were obtained. Filter paper discs were 
saturated with the standard solution series, the excess 
solution was removed from the dise by bringing it in 
contact with the lip of the test tube containing the diluted 
standards. One dise of each dilution of standard was 
placed on the surface of the agar plate. Six replicate 
dises were saturated with the formamide-buffer feed 
extract and carefully placed on either side of the stand- 
ard discs. Two samples were assayed per plate. A flat 
pyrex glass cover was placed on the plate and it was 
then incubated for 18 to 24 hours at 37 C. A typical 
assay plate is pictured in figure 1. 

The inhibition zones of the standard discs were 
measured and a dose response curve plotted on two cycle 
semi-log paper with the dose as the ordinate, while the 
zone diameter in millimeters was plotted as the abscissa. 
The six readings obtained from the sample discs were 
averaged and the potency calculated from the standard 
curve. This value times the dilution, divided by the 
weight of the sample gave the potency of the sample on 
a weight basis. 


RESULTS 

Various solvents were compared for extraction eff- 
ciency, compatibility with penicillin, and their ability to 
reject non-specific substances influencing the growth of 
the test organism. Water, phosphate buffer pH 6.6, 
methanol, dimethyl formamide and formamide (99 per 
cent purity) were investigated as extracting agents for 
procaine and DBED from feeds. Incomplete extractions 
or other interferences were encountered with all solvent 
systems except formamide. Extractions with formamide 
were complete. The use of methanol was suggested in a 
preliminary report of Esposito and Williams (1952a) for 
extracting penicillin from feeds. However, in view of 
several reports of the instability of penicillin in the 
presence of primary alcohols (Chain, 1949; Clark, et al, 
1949) some of these experiments were repeated. Table 2 
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TaBLe 1. Culture media solvents for penicillin, they were compared for their 
salience aa la ability to extract non-specific substances from feeds 
which would influence assays. An antibiotic-free feed 
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use of methanol for penicillin feed extractions is not 
only complicated by the lability of penicillin in 
methanol, but also by the fact that methanolic feed 
extracts contain non-specific substances enhancing the 
activity of added penicillin. 


TABLE 3. Stability of procaine and DBED penicillin 
in formamide and formamide feed extracts 


ee FEED SUPPLEMENTt 


WITH* 
DBED Procaine 
Feed Sup- | Feed Sup- DBED Procaine 
plement plement 
gm/ton gm/ton gm/lb gm/lb 
Immediate............ 2.4 2.5 2.5 2.8 
ee 2.8 2.5 2.8 2.9 
DN eee ee 2.3 2.5 2.8 3.3 
LSS eres 2.7 2.5 2.6 2.8 


* Feed supplemented at a level of 2.8 grams per ton calcu- 
lated as Sodium G Penicillin. 

+ Feed supplement theory 2.6 grams per pound calculated 
as Sodium G Penicillin. 


TABLE 4. The effect of formamide, methanol, formamide 
and methanol feed extracts on penicillin 


SOLVENT DBED* PROCAINE* 
u/ml u/ml 
ee 0.064 0.070 
Formamide feed ex- 
RON bee isass. ose: < 9 Wom 0.059 0.061 
OSS Ia eg See eees <0.012 <0.012 
Methanol feed extract. . . >0.120 


>0.120 


*Samples made up at 0.060 u/ml concentrations. 


DIscussION 


The assay of penicillin products in feeds presents 
problems not encountered in pharmaceutical prepara- 
tions. The sensitivity of the assay must be increased, 
and this has been accomplished without undue sacrifice 
of precision. The problem of a reliable extracting agent 
in which penicillin salts are stable was of equal im- 
portance. Penicillin is not compatible with all solvents. 
Chain (1949), reviewing the avilable data, clearly shows 
that solutions of peincillin in methanol and other alco- 
hols possess irregular stabilities and that all investi- 
gators agree that degradation occurs. Esposito and 
Williams (1952b) contend that penicillin is relatively 
stable in methanol. Their data was obtained on solu- 
tions containing 250 u/ml. Similar data at 500 u/ml was 


obtained in the present studies. However, in decreasing 
concentrations, methanolic inactivation became very 
evident, and at concentrations of 20 u/ml penicillin was 
completely inactivated immediately upon dissolution, 
This is at a considerably higher concentration than 
levels of 0.075 u/ml. Thus, results at higher concep. 
trations in methanol cannot be extrapolated to lower 
concentrations. 

Formamide, on the other hand, was demonstrated 
not to inactivate added penicillin over a period of three 
hours at any concentration Recovery experiments from 
formamide extracts of feeds were within the normal 
assay limits in contrast to the erratic results obtained 
with methanol. Furthermore, since the diluted form- 
amide solutions were without effect on assay organisms, 
it was not necessary to dry the discs before placement 
on the agar test plates, thus simplifying the mechanics 
of the assay. Assays were conducted using aqueous 
crystalline sodium penicillin standard solutions as op- 
posed to the artificially enriched feeds employed by 
Esposito and Williams (1952b) for assay standards. 


SUMMARY 


Data are presented which show that penicillin is un- 
stable in methanol at the level encountered in peincillin 
assay of animal feeds. While some variable stability is 
imparted to penicillin by methanol extracts, the picture 
is complicated by the presence of certain penicillin 
potentiating substances present in methanolic extracts 
of feeds. 

An assay method is described which employs a stable 
penicillin formamide extract of feed samples. The assay 
permits the use of penicillin G sodium as the standard 
for both dibenzyl ethylene diamine and procaine peni- 
cillin, and does not require an unsupplemented feed 
similar to that being analyzed for preparation of the 
standard. 
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A Method for Determining the Weight of an Individual Yeast Cell’ 
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A method has been developed by which the density 
and weight of an individual yeast cell can be measured 
with a reasonable degree of accuracy. The average 
weight of yeast cells in a cake is rather easily determined 
by weighing out a gram of yeast and counting the 
number of cells with a hemacytometer, but measuring 
the weight of an individual cell presents a different 
problem, the solution of which is presented below. 

A resisting force is exerted on a body falling through a 
viscous fluid at rest. If the body is a sphere and if the 
flow is streamlined, 7.e., no turbulence or eddying occurs 
in the wake of the sphere, the force exerted by the fluid 
is expressed by the following equation: 


(1) 


where r is the radius of the sphere, n the viscosity of the 
fluid, and v the rate of fall. This relationship was first 
pointed out by Stokes (1845) and is called Stokes’ 
Law. 

The force is due to the co-action of the weight of the 
sphere and the buoyant effect of the fluid. Hence: 


(2) 


where d; is the density of the sphere and g the accelera- 
tion due to gravity 


(3) 


where dy is the density of the fluid. 
The difference between these two forces is essentially 
that deduced by Stokes in the original equation: 


(4) 


where r is in em., d; and dp in g. per ce., g in em. per 
second, n in poises and v in cm. per second. 

It follows that when a sphere of a known radius falls 
freely through a fluid of measurable viscosity and 
density, the density of the sphere can be determined if 
the velocity of descent is measurable, provided the 
velocity is not so great as to cause turbulence. 

The rate of fall of yeast cells suspended in a viscous 
fluid can be measured with a high degree of accuracy. 
From the measurements of density and diameter, the 
Weight of an individual cell can be calculated. 


F = 62rnv 


weight = 43mrdig 


Je 


buoyant force = 437r%dog 


46 nr3(d, — do)g = 6arnv 


*This work was supported by research grants from the 
Southern Illinois University, the Office of Naval Research, De- 
partment of the Navy, Contract (NR 164-140) and Anheuser- 
Busch, Inc. 


153 


The cells used were from haploid culture No. 13778. 
The majority of cells are spherical in shape, and the 
culture contains very few clumps. This condition was 
ideal since single free cells could be photographed during 
their descent. 


MATERIALS AND METHODS 


The cells were suspended in an approximately 1 per 
cent dextrose solution with a density of 1.0038 at 30 C. 
The viscosity was measured with a modified Ostwald- 
Cannon-Fenske viscosimeter pipette calibrated against 
distilled water. The viscosity of the dextrose solution at 
30 C was found to be 0.86191 centipoises. All experi- 
ments were carried out in a constant temperature room 
at 30 C. 

Since the time elapsed from the moment the suspen- 
sion is prepared until the cells are photographed is 
only five or ten minutes, and any carbon dioxide pro- 
duced is not likely to be in the gaseous phase and hence 
would not cause appreciable errors in buoyancy, the 
use of glucose was not a source of error. More recent 
experiments, using salt solutions, have yielded density 
values of the same magnitude as those cited above. 

A loopful of cells was suspended in 5 ml of the solu- 
tion and shaken thoroughly. An aliquot was transferred 
to a Spencer Bright-Line hemacytometer slide and 
covered with a cover glass. Vaseline was applied to 
three sides of the cover glass to prevent leakage while 
the slide was in a vertical position. The slide was 
mounted on a microscope stage tilted to the vertical 
and illuminated with a substage lamp fitted with a blue 
filter to absorb most of the infra-red waves. This pre- 
caution was taken to minimize changes in temperature 
which might change the viscosity of the suspending 
liquid. A 43X objective and a 10X ocular were used, 
and the field was photographed with a motion-picture 
camera with time-lapse attachment set at 1 exposure 
per 6 seconds. The film was developed and projected 
through a microfilm reader at a fixed enlargement; 
thus, cell magnifications were constant for the series of 
experiments. A strip of film is shown in figure 1. 

From the projected film, the diameters of individual 
cells were measured. The rates of fall of individual cells 
were calculated by noting the time required to travel 
the distance between the lines on the slide. Since the 
other factors in the Stokes’ equation were known, the 
densities of the individual cells could be calculated. 





154 SAMIR A. HADDAD AND 


From the calculated densities and measured diameters, 
the weights of the individual cells were computed 
(table 1). The diameters of the cells were measured to 


CARL C. LINDEGREN 


The maximum absolute error of approximately 25 
per cent would occur if a cell of diameter 3.75 were 
placed in class range 3.5. If it were classified as 4.0, 





Fic. 1. A single cell falling between the lines of a hemacytometer slide, 49 mm. apart. Photographs taken with a motion picture 
camera with time-lapse attachment set at 1 exposure per 6 seconds. Magnification 400 x. 


the nearest half micron and since they range from 3.5 to 
7.0 microns, 8 classes were established; the discon- 
tinuities in the calculated volumes and the gaps in the 
histogram (fig. 3) arise from the fact that it is not feasi- 
ble with the available equipment to measure the di- 
ameters more precisely. 


the error would be approximately 16.5 per cent. An 
error of approximately 10 per cent would occur if a 
cell of 6.75 diameter were classified as 7.0. With the 
present apparatus, it is highly improbable that errors 
of more than 0.25 microns would be made in classifica- 
tion. 
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TaBLE 1. Diameter, volume, density and weight of 67 
individual yeast cells 
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DENSITY 


g/cc 
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1.116 
1.088 
1.102 
1.106 
1.126 
1.148 
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1.059 
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CELL NO. 


Average .. 
Std. dev. 


DIAMETER VOLUME DENSITY WEIGHT 
IN MICRONS cc X 10°" g/cc g X 107! 
6.0 11.3 1.065 12.0 
6.0 11.3 1.081 12.2 
6.0 11.3 1.089 12.3 
6.0 11.3 1.094 12.3 
6.5 14.3 1.057 15.2 
6.5 14.3 1.095 15.7 
7.0 17.9 1.074 19.2 
7.3 1.087 7.9 
3.0 0.026 3.2 
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DISCUSSION 


A frequency distribution of the density and weight 
values of different cells is presented in the histograms 
(figures 2 and 3). The skewness may be due to the fact 
that fewer favorable observations can be made in the 
larger cells because of their more rapid rates of fall. 
The average value for densities was 1.087 g per ml: 
standard deviation 0.026. The average weight was 
7.922 X 107" g: standard deviation 3.188 & 10-", 
This distribution of densities showed a reasonably nar- 
row spread despite the number of factors which had to 


be determined experimentally prior to substitution in 


the Stokes’ equation (4). The anomalous appearance of 
the curves might suggest that a non-random sample 
had been selected, but examination of the frequencies 
of cells appearing in different size ranges reveals a 
normal distribution indicating that a random sample 
had been selected. The diameters of cells and the cor- 
respondent frequencies are: 3.5—2; 4.0—7 ; 4.5-10; 5.0-20; 
5.5-17; 6.0-8; 6.5-2; and 7.0-1. 

Correlation studies revealed a high degree of correla- 
tion between volumes and weights, indicating a high 
degree of accuracy of the observations. The weight of 
each cell was calculated by multiplying its volume by 
its density as determined independently by experiment. 
Had all individual volumes been multiplied by the 
average density, then correlation would automatically 
be complete, but since densities of individual cells were 
calculated by a series of independent and unrelated 
observations and measurements, a coefficient of correla- 
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tion approaching 1 is indicative of the accuracy of the 
different measurements. 

Spot diagrams of weights and densities and of volumes 
and densities did not reveal a high degree of correlation, 
although there is some indication that the larger, and 
hence heavier, cells are less dense than the smaller, 
lighter cells. 


SUMMARY 


A method is presented by which the density of indi- 
vidual yeast cells can be calculated by the use of Stokes’ 
law for falling spheres through a viscous fluid. From 
density measurements the weights of the respective 
individuals cells can be computed. A high degree of 
accuracy of the method is revealed .by correlation 
studies of weights and volumes computed independently 
from experimental data. 


Influence of Temperature on the Trace Element Requirements for 


Citric Acid Production by Aspergillus Niger* 


Pau A. Kiros, Jack J. R. CAMPBELL AND NEIL TOMLINSON 
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Our knowledge of the trace element requirements for 
maximum citric acid production by Aspergillus niger has 
been gained in experiments where temperature was kept 
constant. In general this temperature has been from 24 
to 30 C although there are reports of good yields of 
citric acid beyond this range (Eisenmann and Blumen- 
field, 1944; Sziiez, 1944). Kovats (1946) obtained good 
yields of citrate by incubating the cultures for 3 days 
at 28 C and then lowering the incubation temperature 
to 20 C for the remaining time. Tomlinson, Campbell 
and Trussell (1950, 1951) using stationary cultures of 
A. niger 72-4, established the requirement of zinc, iron, 
copper and manganese for maximum acid production 
at 30 C. However, at this temperature it was possible to 
obtain maximum acid production over only a very nar- 
row range of mineral concentrations. Small excesses of 
manganese in particular were very detrimental to high 
yields of acid. The present work on A. niger 72-4 was 
undertaken in an effort to determine whether or not it 
would be possible to find a temperature at which high 
yields of citrate could be obtained even in the presence 
of increased amounts of the trace elements. It was also 
hoped that the influence of temperature on the mineral 


* This study was carried out under a grant from the British 
Columbia Research Council. 


requirements for maximum citric acid accumulation 
might be determined. 


MertruHops AND MATERIALS 

As in previous work Aspergillus niger strain 724, 
(Perlman, Kita and Peterson) was used. The methods 
employed were, in general, those reported earlier (Tom- 
linson et al, 1950, 1951). 

The composition of the sporulation medium and the 
fermentation medium were similar except that 2.0 per 
cent agar was added to the sporulation medium, the 
trace elements were omitted and the pH was adjusted 
to 6.0. Fine granular commercial cane sugar was used as 
carbon source. It was purified for use in the fermenta- 
tion medium by cation exchange through 645 ml wet 
volume of permutit Q and 232 ml wet volume of 
Amberlite IRC 50 at the rate of 80 ml per hour. The 
chemicals used were of reagent grade. Ferric chloride 
was purified by cation exchange. The basal medium 
used was that developed by Tomlinson et al (1951). It 
consisted of 15 g sucrose, 0.28 g NH,NO;, 0.06 ¢ 
K sHPO,, 0.03 g MgSO,-7H.O, HCl to pH 2.0, and 
water to 100 ml. 

At the end of the fermentation time the contents of 
the flasks were filtered and the mycelium was washed 








and sq 
to 250 
with € 
maind 
to pre’ 
were a 
Eynon 
mined 
breit « 
precip 
stande 


Ton 
trace 
citric 


30 C. 


Thi 
the pi 
level 


TAB 


deter: 
mine! 
ducti 
300 
amou 
ous Ir 
tation 
conel 
figure 
the h 
next | 
also | 


neces 








the 


mes 
ion, 
and 
ller, 


ndi- 
kes’ 
rom 
tive 
e of 
tion 
ntly 


for 


ation 


72-4, 
hods 
l'om- 


1 the 
() per 
, the 
usted 
sed as 
enta- 
1 wet 
ne of 
. The 
loride 
dium 
1). It 
06 ¢g 
, and 


nts of 
ashed 





and squeezed as dry as possible. The filtrate was diluted 





to 250 ml with water and a 25 ml aliquot was titrated 
with 0.56 N NaOH to determine total acidity. The re- 
mainder of the filtrate was heated to 100 C for 30 min 
to prevent further activity. Aliquots of the supernatant 
were analyzed for reducing sugar by a modified Layne- 
Eynon procedure (Lepper, 1940). Citric acid was deter- 
mined by a gravimetric pentabromacetone method (Um- 
preit ef al, 1949) and oxalic acid was determined by 
precipitation as the calcium salt and titration with 
standard potassium permanganate. 


EXPERIMENTAL 
Tomlinson et al (1951) established that the following 

trace mineral balance resulted in maximum yields of 
citric acid when Aspergillus niger 72-4 was grown at 
30C. 

Znt+ as ZnSO,-7H.0, 50 »vg/100 ml 

Fet+++ as FeCl;, 11 ug/100 ml 

Cutt as CuSO,, 4 ug/100 ml 

Mn++ as MnCl.-4H,0, 0.3 wg/100 ml 


This balance was used as the reference standard in 
the present work and is designated as the 100 per cent 
level of trace minerals. In experiments designed to 

a 

TaBLE 1. Trace mineral concentrations and corresponding 


percentage level 


TRACE MINERALS PER 100 ML FERMENTATION MEDIUM 


LEVEL a Toe ee 
Zinc Iron Copper Manganese 

% Hg ug ug ug 
25 12.5 2.75 1.0 0.075 
50 25.0 5.50 2.0 0.150 
75 37.5 8.25 3.0 0.225 
100 50.0 11.00 4.0 0.300 
125 62.5 13.75 5.0 0.375 
150 75.0 16.50 6.0 0.450 
175 87.5 19.25 7.0 0.525 
200 100.0 22.00 8.0 0.600 
225 112.5 24.75 9.0 0.675 
250 125.0 27.50 10.0 0.750 
33.00 12.0 0.900 


300 : 150.0 


determine the influence of growth temperature on the 
mineral balance necessary for maximum citric acid pro- 
duction the four trace elements were varied from 0 to 
300 per cent at temperatures of 25, 30 and 35 C. The 
amounts of the individual elements present in the vari- 
ous media are recorded in table 1. At 10 days the fermen- 
tations were stopped and the liquors analyzed. Several 
conclusions can be drawn from the data presented in 
figure 1. It is evident that in this 10-day fermentation 
the highest yield of citrate occurred at 25 C, with the 
hext highest yield at 30 C and the lowest at 35 C. It can 
also be seen that the level of the four trace minerals 
hecessary for maximum acid production greatly in- 
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creased with decreasing growth temperature. Finally, 
the sensitivity of the organism to excesses of these in- 
organic elements was greatly lessened with decreasing 
temperatures. 

The high yields of citrate and the wide range of con- 
centrations of minerals over which no decrease in yield 
occurred were observed when all four inorganic salts 
were increased proportionally at a fermentation temper- 
ature of 25 C. In an attempt to determine whether or not 
this stimulation was due to the presence of increased 
amounts of only one of the trace elements, three of the 
salts were held at the 100 per cent level while the fourth 
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Fig. 1. The influence of varying concentrations of Zn**, 
Fe**+*, Mn** and Cut* on citric acid production by Aspergillus 
niger when all four salts were increased proportionately. 


was varied over a range of concentrations. However, 
relatively low yields of citrate were obtained under 
these conditions as shown in figures 2 and 3. In addition, 
the marked toxic effect of excesses of manganese which 
was noticed in earlier work (Tomlinson et al, 1950) 
again became evident. Copper and iron are also seen to 
be toxic when present in slight excess. The concentra- 
tion of manganese, iron or copper which was shown to 
be toxic when the three remaining salts were held at the 
100 per cent level was much less than the amount neces- 
sary for maximum acid production when all four salts 
were increased simultaneously. It is evident that when 
all four salts are present in high concentration (200 per 
cent level at 25 C) there is an interaction resulting in a 
decreased toxicity of manganese, iron and copper. 
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Excessive amounts of zine had no effect on citrate 
production and so A. niger 72-4 apparently differs 
from the strain studied by Chesters and Rolinson 
(1951). 
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Fic. 2. Influence of varying the concentration of one ele- 
ment while holding the other 3 constant at the 100 per cent 
level. 
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Fic. 3. Influence of varying the concentration of one ele- 
ment while holding the other 3 constant at the 100 per cent 
level. 





A large number of experiments were performed at 
25 C in which the concentration of one salt at a time was 
varied. But it always appeared that the achievement of 
an ideal mineral balance was an impossibility. The 


results presented in figures 2, 3 and 4 are typical. In 


the first two figures where three of the salts wer held 
at the 100 per cent level while the fourth was v.iried, 
the optimum for the variant appeared to be either the 
125 per cent or the 150 per cent level. However, when g 
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Fic. 4. Comparison of the iron required for maximum citric 
acid production when Zn**, Mn*+ and Cu*+ were held at the 
100 per cent level and at the 125 per cent level. 


TaBLE 2. Influence of fermentation temperature on the 
efficiency of citric acid production* 


murer | scan uses | “wemuat | crmmc Aci | sepcesn 
C g g e % 
22 8.22 1.50 5.31 64.5 
25 11.76 2.03 8.89 75.7 
30 13.90 2.45 8.03 57.8 
35 14.31 3.03 6.58 45.9 


* Concentration of trace minerals in all media was the 100 
per cent level. Fermentation temperature was 25 C and dura- 
tion of experiment was 10 days. 


TABLE 3. Yield of citric acid at time of maximum 


accumulation 
TIME OF | 
TEMP- MAXIMUM SUGAR MYCELIAL z ’ ariicieadine 
ERATURE ACCUMUL- USED WEIGHT SERIE ASD BERENS 
ATION 
c Days g g g % 
25 13 14.38 2.55 9.45 65.8 
30 11 14.27 2.18 9.15 64.3 
33 10 14.00 2.43 7.38 §2.8 


medium was prepared with Zn++, Cut+ and Mn** at 
their new optima (125 per cent level) and iron was 
varied, it was found that the iron requirement for 
maximum citrate production had dropped from 16.5 
ug (150 per cent) to 11.0 wg (100 per cent). Yet the best 
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vields of citric acid were achieved when all four trace 
elements were increased to the 200 per cent level. One 
would have predicted from the results in figure 4 that in 
the presence of the 200 per cent levels of Zn*+*+, Cut* and 
Mn++, the optimum requirement for iron would be well 
below the 100 per cent level. However, it has been found 
that the 200 per cent level is very close to being optimal 
under these conditions. 

A comparison of sugar utilization and acid production 
shows that the high yields of acid observed at 25 C were 
obtained despite the fact that less sugar was used at 
this temperature than at 30 C or 35 C. It can also be 
seen from table 2, that at 22 C where still less sugar was 
used the efficiency of conversion of sugar to citric acid 
was not so great as at 25 C. 

After 10 days’ fermentation at 25 C or 30 C much of 
the original 15 g of sugar remained unfermented. In 
order to determine the time of maximum acid produc- 
tion the fermentation was followed from 6 to 16 days 
at daily intervals. Table 3 records the results obtained 
at the point of highest citric acid yield. As would be 
expected, the time required to reach maximum yield 
of acid increased with decreasing temperature. It can 
also be seen that on this basis too, 25 C is the tempera- 
ture of choice. This is true even though the mineral 
balance was at the 100 per cent level and it indicates 
the general superiority of the lower temperature of 
fermentation. 


SUMMARY 
Higher yields of citric acid were produced by 
Aspergillus niger 724 at 25 C than at 22 C, 30 C or 35 C. 
The highest yields at 25 C were produced in the 
presence of twice the concentration of zine, iron, man- 
ganese and copper that had been established as 


optimum at 30 C. At 25 C and in the presence of the 
generally increased trace element concentration, the 
production of citrate by this organism was not nearly 
so sensitive to excesses of iron, manganese, and copper 
as at the higher temperatures. 

The concentrations of zinc, iron, manganese and 
copper necessary for maximum acid production are 
interdependent, and the possibility of arriving at a 
truly optimum level of minerals by the experimental 
process is remote. 
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The observation was made that tetanus toxin pro- 
duced in the Mueller medium became visibly darker 
while undergoing detoxification in the incubator. It 
was then considered of interest to determine whether 
this increase in color intensity could be correlated with 
detoxification. This paper deals with such a correlation. 

The work of Agner (1950) on diphtheria toxin reveals 
the possibility of some related mechanism involved 
with detoxification and color increase although the 
color could be produced separately. He demonstrated 
that myeloperoxidase in the presence of purified diph- 
theria toxin would produce a reddish brown color and 
detoxification of the toxin when a co-factor and dilute 
hydrogen peroxide were dialyzed into the bag. The 
color could not be removed from the toxin by dialysis. 
If, however, the color were produced in the absence 
of the toxin by the combinations of myeloperoxidase 
plus the co-factor in the presence of dilute hydrogen 
peroxide and the enzyme system then allowed to enter 
the bag with the toxin, the toxin would not be detoxi- 
fied and the color could be removed by dialysis. 

The tetanus toxin was harvested from a 6-day growth 
of the Harvard strain of Clostridium tetani on the most 
recent Mueller formula (Mueller, 1951). Detoxification 
of the sterile, formalinized toxin was accomplished in 
most cases by incubating at 35 C for 14 days. Samples 
were removed nearly every day for density determina- 
tions on the Junior Coleman Spectrophotometer set at 
500 millimicrons. The criterion for complete detoxifica- 
tion was the absence of tetanus symptoms in a 300 to 
400 gram guinea pig for 21 days after injection of 10 
ml of the material. The minimum lethal dose of the 
partially detoxified material was determined in guinea 
pigs, using death times as measurement of toxicity ac- 
cording to a previous method (Ipsen, 1941). 

Nine lots of toxin were detoxified. During detoxifica- 
tion at 35 C, they showed a gradual and definite rise 
in color density of the toxin accompanied by a steady 
decline in the toxicity. Eight of these lots showed com- 
plete detoxification in the density range of 0.250 to 
0.300, while the ninth lot was not fully toxoided until 
it reached a density of between 0.300 and 0.328. In all 
cases the toxins were completely detoxified in a period 
of time varying from a minimum of 5 to a maximum of 
10 days. The single lot showing a reading greater than 
0.300 at the time of complete detoxification was de- 
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toxified in 8 days. This might indicate that the length 
of the period of incubation was not the sole factor which 
determined the depth of color at the earliest sign that 
complete detoxification had occurred. Figure | illus- 
trates graphically the comparative rise in density, de- 
crease in toxicity, and M.L.D. values at different stages 
for a representative lot. 

In order to compare the density changes during a 
slower rate of detoxification, a lot of toxin was de- 
toxified by maintenance at room temperature for 68 
days. Frequent samples for density readings and for 
progress in detoxification revealed a reduced rate of 
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Days of incubation of toxin 


Fig. 1. The increase in density and decrease in number of 
M.L.D. per ml as a result of 35°C incubation of formalinized 
toxin (circles and solid line) and number of days of survival 
of guinea pigs injected with 10 ml of the toxin after varying 
numbers of days of incubation (x’s and broken line). 


increase in density as well as decrease in toxicity. At 
the first sign of complete detoxification, the density 
reading was 0.322. This result would tend to indicate 
that regardless of the rate of detoxification, the first 
signs of complete detoxification occurred in the vicinity 
of a density of 0.300 (range of 0.252 to 0.328). Figure 2 
shows the density and toxicity variations for this lot. 
Samples were taken from each lot prior to incubation 
and placed in the cold room. The highest density at- 
tained after 14 days at 5 C was 0.180. One lot was tested 
after cold room maintenance for 4 months, at which 
time it had a density reading of 0.189 (only slightly 
higher than the original level), and it still retained 4.5 
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minimum lethal doses per ml. These facts tend to indi- 
cate further some correlation between detoxfication and 
color density, since slowness in darkening appears to 
indicate slowness in detoxification. 


350 




















Releasec 
2.350, ff 
€ 
a by 
a 
as 2 
a 
6 
.200 + t 
4 
: 
4s 
~ Sy = survival with 2 
symptoms 
150) | pp rn rn 4 n 4 0 
hO8 10 a ) BY 60 70 


Days of incubation of toxin 


Fic. 2. Increase in density and decrease in number of 
M.L.D. per ml due to room temperature incubation of for- 
malinized toxin (circles and solid line) and number of days 
of survival of guinea pigs injected with 10 ml of the toxin 
after varying numbers of days of incubation (x’s and broken 
line). 


A lot of non-formalinized toxin preserved with 0.5 
per cent phenol was divided into 2 equal portions; one- 
half was placed at 35 C and the other half at 5 C. The 
incubated portion revealed a rise in density which 
paralleled incubated formalinized toxin, but the rate 
of detoxification was markedly slower. After 2 months’ 





incubation detoxification was not yet complete, al- 
though the density reading had reached 0.489. The cold 
room sample showed very little change in either density 
or toxicity after 2 months. 

A sample of uninoculated medium was maintained 

in the incubator at 35 C for a period of time equal to 
that of the lots which were detoxified at 35 C. The 
color density of the plain broth gradually increased to 
attain a reading of 0.201 which was far below the 
readings of the toxoids after the same length of time 
in the incubator. 
Z The results indicate a correlative increase in color 
density as the tetanus toxin detoxifies, but since color 
changes may occur regardless of the presence of toxin 
and independent of the rate of detoxification, the cor- 
relation probably occurs only in the presence of a 
definite set of conditions. This is probably due to the 
fact that two separate mechanisms are involved in the 
changes, both proceeding at a generally similar rate 
under certain conditions. It is conceivable, however, 
that color density can be used as a preliminary method 
for determining the time of complete detoxification. It 
is not intended as a substitute for guinea pig injection, 
but it could be used to indicate the time when animal 
inoculation should be tried. 
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